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Preface to the Second Edition 


The Jim edition of this book which appeared in 1985 was approved for a 
subsidy grant by the National Book Trust of India, New Delhi A reprint 
was published sub* equently in the following year. The wide acceptance of 
the Jirst edition over a period of five years has encouraged me to continue 
my efforts to improve the effectiveness of this book as a teaching text. 
Moreover, the need for refinements of certain portions of the book, as 
pt>inted out by the readers from time to time, and fascinating important 
developmenlii nave prompted me to undertake a revision of the Textbook 
of Organic Chemistry. The book now hopefully will meet the curriculum 
requirements adequately for students at the undergraduate level and allied 
sciences of a large number of Universities. It is designed as a comprehensive 
textbook and not a reference book 

The overall organisation of the book which has been found padagogically 
useful, has been retained. Tor the sctvnd edition, however, I have worked 
to improve further the readability of the text. A great deal of material has 
been added to almost all the chapters. The information on polymers which 
was interspersed thioughout the b<Kik in the earlier edition now has been 
collected into a single chapter. The basic piineiples arc discussed early in 
the book. A sound foundation of these piincipIcs would provide the studeob 
with the necessary background for a deeper understanding of the material 
in the subsequent chapters. The book thus commences with an introductory 
chapter {Chapter 1) on the electronic structure of the atom, nature of 
chemical bonding and hybridization. The concept of hybridization and the 
section on H-bonding has been expanded to mak-e them more intelligible. 
Furthermore, at an early stage a chapter {Chapters 2 to 5) each on nom- 
enclature of organic compounds, factors that affect acid-basc strength, 
stereochemistry and reaction mechanisms have been introduced. The lUPAC 
nomenclature has been further developed in an attempt to Widen the scope' 
of the system. The emphasis of Chapter 6 is on the purification and structure 
determination of organic molecules. In this context the chromatography 
section has been restructured to make it more useful and to prepare the, 
students for laboratory work. Chapter 7 deals with alkanes, their general 
methods of preparation and properties. Every effort has been made to avoid 
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superfluity and wherever possible clear explanation for chemical properties 
and reactivity has been oflered. This trend has been followed in the sub- 
sequent chapters. 

The next fourteen chapters {Chapters S through 2\) describe alkenes, 
alkynes, polymers^ alicyclic compounds, aromatic hydrocarlxjns, organic 
halo]^ compounds, alcohols and phenols, ethers, thioethers and thiols, aide- 
hydes and ketones, carboxylic acids and their functional derivatives, sulfonic 
acids and amines. This main body of the text has been the focus of major 
revision. A new chapter {Chapter 10) on natural and synthetic polymers, 
an important area in Organic Chemistry has been added. The Dicls-Alder 
reaction, the Friedcl-Crarts tcaction, aromaticity, hydroboiation. analysis 
of oils and fats and the various C()ndensution reactions have been extensively 
revised. Besides the elucidation of icactioii mechanisms, emphasis has been 
laid on the synthetic applicutiiios of the important reactions. Synthetic uscb 
of esters of special interest such as acctoacctic ester, niulooic ester and 
cyanoacetic ester have been picsented with appropriate examples. The 
oi|;anometallic compounds including the Grignard reagents have been 
discussed in a separate chapter (Chapter 22). The second edition, like 
the first, provides a trun.sition from tlic caiboejclic to the heteriicychc 
compounds (C/jwptiT 23). The last foui chaptcis {Chapters 24 to 27i 
discuss the chemistry ot compound-, of biological and medicinal 
significance. 

New problems have been added to each chapter, some of which aic 
useful for routine drill while some .arc expected to provide challenge to 
the students. The students are advised t.» solve the problems independently 
Brief answers to the questions arc given at the end <'f the book. 

The revision of the bot»k has been a diJiicult exeieise in self-restraint. 
It IS, however, a result of a selective pioccss of topic addition and 
modification. At the same time I have made every efiort to preset ve the 
carefully developed expositions for which ihc first rdhmn was so widely 
acclaimed. 

I am indebted to many colleagues and friends who have helped m« 
during the revision of this book. Valuable comments among others by 
Professors P. Bajaj, A.S.N. MurthyandDr. P.S. Pandey (Indian Institute of 
Technology, Delhi); Professor S. V. Kessar (Punjab University, Chandigarh); 
Professor Harjit Singh (Guru Nanak l>cv University, Amritsar); Professor 
K.C, /osbi (Rajasthan University, Jaipur); Professor B.^. Verma (Himachal 
Pratfesh University, Shimla) ; Professor S, K . Srivastava (Roorkce University, 
Roorkee); Drs. K.M. Pant and B, Praka.sh (N.C.E.R.T,, New Delhi); are 
gratefully acknowledged. 
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Introduction 


The subject of organic chemistry pertains to a systematic study of the com- 
pounds of carbon. The organic compounds were initially considered to be 
derived from animal and vegetable sources. These compounds were rccog- 
ni/ed to be different and more complex than those obtained from the mineral 
world, i.e. the inorganic compounds. All organic compounds contain carbon; 
most of them contain hydrogen; many contain oxygen; some contain nitro- 
gen; while a few contain elements such as sulfur, phosphorus, arsenic, 
chlorine, bromine, iodine, etc. 

Earlier it Vi.-'s believed that a vifal force present only in living organisms 
could produce the organic compounds. This came to be known as the vital 
force theory. As a result, no attempt was made to prepare organic com- 
pound'- in the laboiatory till F, Wohler, a German chemist, m 1826 
synlhcsi/.cd urea by heating together ammonium chloride and silver cyanate. 

A A 

NMtClf AgCNO > NH«ONO > Nll.CONHs 

Urea is a well known organic compound that has been i^olated from urine 
and moreovei, its synthesis is important in the chemical industry because 
of its use in plastics and agriculture. A few years later Kolbe synthesized 
acetic acid. These biiiliant successes gave a blow to the erstwhile vital 
force thiory and its complete demise occurred around !»50. 

A question naturally arises as to why organic chemistry should be treated 
as a separate branch of chemistry. This question may probably be answered 
by the unique position enjoyed by the carbon atom in the periodic table of 
elements. Carbon lies in the 4th gtoup of the second period and possesses 
an atomic number of six. It has four valence electrons and requires a total 
of eight electrons to attain the stable rare gas configuration corresponding 
to neon. Furthermore, because of its central position, it is neither strongly 
electropositive nor strongly electronegative. As a matter of fact carbon 
forms bonds with other elements by sharing of electrons rather than by 
complete gain or lots. Carbon atoms can share election with atoms of their 
own kind more easily than any other elements to form tong chains. 

III! 


etc. 
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Because of this reason carbon atom is capable of forming a large number 
of compounds. 

There is a great deal of interest these days In the preparation of new 
compounds. Numerous reagents and techniques are available in the arsenal 
of an organic chemist for this purpose. The punty and stiucture of organic 
compounds are established by sophisticated analytical methods available 
currently. The number of organic compound*- are estimated to be close to 
two million. Besides, there had been two important phenomena in organic 
chemistry, namely, mmerism and homolaay which explained the existence 
of a large variety of carbon compounds. The early chemists classified organic 
chemistry' into aliphatic and aromatic. 

Organic compounds and (he chemical industry affects our daily life in a 
number of ways. Nature 4bt>unds in organic compounds of nearly every 
conceivable structural el.l^s. the study of which is very fascinating The 
living organisms, bacteria, fungi, plants and animals are the sites of complex 
synthetic activities. Organic chemistry is assocrateo with our Arod, clothing, 
furniture, medicines, etc. There arc two chief sources of organiccompf>unds, 
namely, petroleum and coal tar besides, of course, the phint and atiimal 
kingdom. Coal tar provides a rich source of uidustiial I'rg.inic chemicals. 
Petroleum is a complex mixture of hydrocarbons, and of sun., niiiogenand 
sulfur derivatives as well. In the living rngaiusm, the iiganis ^.irmp^ninds 
are synthesized by a process termed as bioiyniheui. Important compounds 
obtained from the above sources arc drugs, perfumes, sugar and rubber 
(plants), oris, fats and proteins (aiiimalsj, in^cctitidcs, dycvs, and exph'Mvcs 
(coal), and lubricants, s‘)lventi>, lefiigerants and fuels (petroleum). 

Finally, the study of organic chemistry is impc'rtant to an individual 
depending on the type of proA.ssion he wishes to adopt An individual may 
like to devote his lifetime tc’ the causc of chemistry or may plan to enter 
medicine or pharmacy tir chemical engineering All the.se branches of science 
require an adequate background of organic tliemr'.tfy. A sound knowledge 
of organic chemi.'*tiy is essential to study bto/ h^mtstry which deals with the 
reactions taking place in the living organisms. Organic chemistry plays a 
significant role in the life of engineers because most of the reactions that 
they encounter are indeed organic reactions. 

Organic chemistry is a creative and fa»cinating subject. The thrill of jt 
lies in knowing it. An introductory knowledge is essential for everybody in 
this technical age. 
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Progress in any discipline comes slowly and often requir-s the efforts of 
many workers. One is sometimes inspired by the findings of the others, which 
result in a viable solution to the problem. This is true in particular, of the 
modem concen, -f atomic structute. Matter was considered to be composed 
«>f atoms, which in turn were thought to be the smallest paitieles possible 
Such an idea tr.aces back to the classical tunes and was based mainly on the 
philo' ophical speculations of the Greek pbilosc*phers. But as scientific 
thought advanced and experimentation became possible, this view concern- 
ing the atom proved to be quite inadequate to explain the observed facts. 

Historically speaking, the development of the modern atomic theory 
commenced with the work of Dalton (1803) in the form of several postulates. 
One of the postulates stated that atoms could not be sub-divided or conver- 
ted into one another. Important contributions were made by various chemists 
and filially Thomson ( 1 897) actually discovered electrons by his brilliant dis- 
charge tube experiments. This opened a new era in unfurling the structure 
of the atom. Rutherford (1911) presented a picture of the structure of the 
atom according to which the negatively charged particles designated elec- 
trons revolve around a positive nucleus in analogy with the solar system. 
Bohr (191.1) announced the quantum theory of the atom and gave a mathe- 
matical treatment for the simple hydrogen atom, de Broglie (1923) postula- 
ted the wave nature of electrons analogous to light waves and finally 
SchrOdingcr’s ( 1 926) mathematical equation called the “wave equation'' 
summed up (he present concept of the electron. 

l.l ATOMIC ORBITALS 

An electronic interpretation of chemical bond formation was proposed by 
Lewis in which the elements tend to gain or lose electrons in such a way as 
to acquire a noble gfks configuration. The model is undoubtedly useful for 
many purposes but electrons, as we know now, do not stay still in one posi- 
tion. The modern discussion on chemical bonding is, tberefote, related to 
>^vo functions or orbitals. From a considetation of wave mechanics a 
basic concept arises called the ftelserUiers uncertainty principle which states 



2 A Textbook of Organic Chemistry 


Because of this reason carbtw atom is capable of forming a large namber 
of compounds. 

There is a great deal of interest these days in the preparation of new 
compounds. Numerous reagents and techniques are available in the arsenal 
of an organic chemist for this purpose. The purity and structure of organic 
compounds are established by sophisticated analytical tnetbtKls available 
currently. The number of organic compounds are estimated to be close to 
two million. Besides, there had been two impt.>rtanl phenomena in organic 
chemistry, namely, isomerism and homology which explained the existence 
of a large variety of carbon compounds. The early chemists classified organic 
chemistry into aliphatic and aromatic. 

Organic compounds and the chemical industry affects our daily life in a 
number of ways. Nature abounds in organic compounds of nearly every 
conceivable structural class, the study of which is very fascinating The 
living organisms, bacteria, fungi, plants and animals arc the sites of complex 
synthetic activities. Organic chemistry is a.s,soeiateu with our food, clothing, 
furniture, medicines, etc. There arc two chief sources of organic comptmnds, 
namely, petroleum and coal tar besides, of course, the plant and animal 
kingdom. G;al tar provides a rich s«.>urcc 4)f industrial organic chemicals. 
Petroleum is a complex mixture of hydrocarbons, and of some nittogen and 
sulfur derivatives as well. In the living organism, the )igamc compounds 
are synthesized by a process termed as biosynthesis. Important compounds 
obtained from the above snurces are drugs, pci fumes, sugar and rubber 
(plants), oils, fats and proteio.s (animals), insecticides, dyis, and explosives 
(coal), and lubricants, solvents, refiigerants and fuels (petroleum). 

Finally, the study of organic chemistiy is imponant to an individual 
depending on the type of profession he wislic.s to adopt. An individual may 
like to devote his !ifetii,ic to the cause of chemistiy oi may plan to entei 
medicine or pharmacy or ihenncal engineering. All these branches of .science 
require an adequate background of oiganic chemistry. A sound knowledge 
of organic chemistry is ssscnlial to study biochemistry which ileaU with the 
reactions taking place in the living organisms. Oiganic chemistry plays a 
significant role in the life of engineers because roost of the reactions that 
they encounter arc indeed organic reactions. 

Organic chemistry is a cicativc and fascinating subject. The thrill of it 
lies in knowing it. .An introductory knowledge is essential for everybody in 
this technical age. 
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Electron and the Chemical Bonding 


Progress in any discipline conics slowly and often requires the efforts of 
many workers. One is sometimes inspired by the findings of the others, which 
result in a viable solution to the problem. This is true in particular, of the 
modern concept of atomic structure. Matter was considered to be composed 
atoms, which ■>' ♦urn were thought to be the smallest particles possible. 
Such an idea traces back to the classical times and was based mainly on the 
philo>ophical speculati<»ns of the Greek philosophers But as scientific 
thought advanced and experimentation became possible, this view concern- 
ing the atom proved to be quite inadequate to explain the observed facts. 

Historically speaking, the development of the modern atomic theory 
commenced with the work of Dalton (1J?03) in the form of several postulates. 
One of the postulates stated that atoms could not be sub-divided or conver- 
ted into one another. Important contributions were made by various chemists 
and finally Thomson (1897) actually discovered electrons by his brilliant dis- 
charge tube experiments. This opened a new era in unfurling the structure 
of the atom. Rutherford (1911) presented a picture of the structure of the 
atom according to which the negatively charged particles designated elec- 
tronsrevoUe around a positive nucleus in analogy with the solar system. 
Bohr (191.1) announced the quantum theory of the atom and gave a mathe- 
matical treatment for the simple hydrogen atom, de Broglie (192.1) postula- 
ted the wave nature of electrons analogous to light waves and finally 
SchriJdinger’s (1926) mathematical equation called the '*wave equation" 
summed up the present concept of the electron. 

1.1 ATOMIC ORBITALS 

An electronic interpretation of chemical bond formation was proposed by 
Lewis in which the elements tend to gain or lose electrons in such a way as 
to acquire a noble |(hs configuration. The model is undoubtedly useful for 
many purposes but electrons, as we know now, do not stay still in one posi- 
tion. The modern discussion on chemical bonding is. therefofc, related to 
wave functions or orbitals. From a consideration of wave mechanics a 
basic concept arises called the Heisenberg uncertainty principle which slates 
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that it is impossiUo to specify the position and velocity of an electron 
simultaneously. In other words, if we know the position of an electron 
accurately its velocity at that moment will be uncertain. We, therefore, con- 
sider the electron as having a certain probability of being located at any given 
instant in space. Such a location, called an orbital may be visualized as 
a diarged cloud being demc at places where such a probability is high and 
less dense where the probability is low. 

A wave equation can be written for any atom or molecule and the solu- 
tions of the equation are termed as wave functions denoted by (|>. These wave 
functions give information about the orbitals occupied by the electrons of a 
system and the square of the wave function (tj/*) for a particular location (.r, 
7 , z) refers to the probability of finding an electron at that particular loca- 
tion in space. If 4*^ is large in a unit volume of space, the probability of 
finding an electron in that volume is great; in other words, the electron 
probability density is iarge and vice versa. 

An orbital is simply that region in space in which the electron is likely 
to be found. The solution of the wave equation gives the probability density 
of the electron. Let us consider a hydrogen atom in the ground state. This 
atom consists of a positively charged nucleus and one extranuclear clectnm. 
The probability that the electron is at a distance r from the nucleus is 
plotted against r (Fig 1.1). Of all the possible locations of the electron of 



Fig. 1,1 A curve showiog the radial electron probability venus distance 

(r> from the nucleus lor hydrogen atom. ' 

the hydrogen atom, the di.stance 0.S3 A from the nucleus has (he highest 
probability. This implies that the electronic charge cloud corrcspon|ing 
to the hydrogen atom in its lowest energy state (Is)* occupies the space 
withio a radius of I A from the nucleus and is spherically symmetHcal. 
Also the value (for hydrogen) varies with distance r from the 
nucleus. 

According to Uie wave mechanical theory of the atom, each solution to 
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the wave equation is characterized by a set of definite values for. four 
numbers, called the quantum numbers, these arc often represented by n, /. 
m and s. These numbers can have the following values ; 

n -a 1,2, 3, 4..., any integer 

/ « 0. 1, 2, 3. 4.... n - 1 

w - -h /. (/ - 1). (/ - 2)....0. (- / + 2), (- / : 1), 

m- 4 /, (/ - !),(/- 2)... 0 - / 

The number n is called the principal quantum number and it represents the 
energy of an electron in an orbit. The orbit of lowest energy has n - - 1 . An 
electron in (his orbit is in ground state. The next energy level has quantum 
number 2 and so on. 

The number I is known as the angular momentum quantum number and 
represents the angular momentum of the electron It is given positive and 
integral values. 

The wave equation leads to a third quantum number /«, the magnetic 
quantum number. Since the magnetism is due to the angular momentum, it 
IS expected tnat value of m will depend on n. It tells about the shape of 
the orbital, 

finally the fouilh number is called the spin quantum number s. It has 
only two values and represents the spin of an electron on its own axis 
which can be either clockwise or anticlockwise, relative to the orbital of 
the electron. 

1.1.1 Shapes of Atomic Orbitals 

The atomic orbitals ( Is, 2s and three 2p orbitals) occupy definite regions in 
space. Both the I J and 2f orbitals are sphciically symmetrical (Fig. 1.2) 
about the nucleus. The probability of ftndiug an electron decreases with the 
increase in distance from the nucleus. Evidently the greater probability is 
near the nucleus. The sign of the wave function is positive over the entire 
1 j orbital. The and 2s orbitals dilfer primarily in size, the latter being 
slightly larger. The 2s orbital, in addition, contains a nodal surface, i.c. an 
area where -- 0, 



la orbital* 2a orbital 

Fig, 1.2 Charge distribution for an electron in an i orbital. 
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T^e jP'OrbiUils are three in number, i.e. p, and p«and differ from one 
another in their spatial orlentatba. They do not have a spherical symmetry 
and instead are composed of two lobes that do not touch each other (Fig. 
1.3). This point is a {riace of zero electron density and is known as the 
nodal plane. The sign of the wave function ♦j'ai is positive in one lobe and 
negative in the other. The three p-orbitals arc arranged in space so that their 
axes are mutually perpendicular. These are degenerate, i.e. equal in energy. 



Hr. 1.1 Charge distribution for eJeetron in three />-orhitals 

The </*orbitals are five in numbers, more complicated because they iltffcr 
in shape as well as m orientation. The probability distribution is given in 
Fig. 1.4. 



I'lg. 1.4 Charge di»tribution for electrons in d-orhitaK 


The energy required in removing an electron from an atom is known as 
ionUation potential (IP). The first ionization potential is the eneigy required 
to remove the least tightly bound electron from the atom. 
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Li li.Li+ = I23 6Kcal 

3 eie 2 etc 

The ion so produced has the electronic configurativtn of the next lower 
noble gas.. Li*" ha&thc same electronic configuration as helium. 7 he elements 
on the left side of the peri.Klic table have relatively low ionization potential 
and are tcimed as electropositive. 

The energy evolved when an electron is gamed by an atom is known as 
the ekeiron affinity (EA). 

Cl t e- >- (1- -AH’ -- EA - 87.3 K cal 

17elc ISelc 


I he ion so produced has the sUblc electronic configuration of the next 
higher noble gas fa this case it is the same as that of neon Such tlcracnis 
are termed as ci ’.'tronegaitvc, 

1.2 CHEMICAL BONO FORM.ATION 

A csmsidcration of cbcnucal combination of atom> and the forces that hold 
them together can betaken up. 1 he number of electrons in the outermost 
shell Ilf an element are tailed the valence clcttions and the tvrm valence or 
VtiJauy may be thiiught of in Krms v.f a certain combining pv'wer. It wa.s 
recognized earlier that chemical properties of elements depend on the 
arrangement of their electrons and that the inert pa^cs posses.s stable con- 
figurations. Lewis pio[X).sed the octet theory according to which, atom.-, 
linked by chv’micnl bonds achieve a stable octet of electrons in their outer- 
most shell, and is called the ‘rule of eight,’ 

In the tormation of an iome bond, an electron is completely transferred 
fiom one atom to anothci of a ditfcrcnt element forming charged particles 
called tons. Dating thi> transfer each atom acquires a stable octet or eight 
electrons analogous to inert gas elements since it is known that such con- 
figurations arc of exceptional stability. Such bonds are fo.med between 
highly eketrofugathe, i.c. election-attracting and highly ikctropoiilirc, l.c. 
eicctrun-donatiiig elements The alkali metals of the pci lOdlc table have 
relatively low ionization potential, t.c can lose electrons easily and are thus 
described as being electropositive. The ha log *is, on the other hand, can 
readily gain electrons; such elements arc termed as electronegative Thus in 
bond formation between sodium and chlorine atoms, the latter can 
either relinquish sqvcn electrons or gain one electron and become a chloride 
ion. The former process is eocrgclically difficult. The sodium atom loses an 
electron readily and becomes a sodium ion. This can be depicted as follows: 
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No c» N,i* Cl 


The resulting ions exert an electrostatic attraction and enter into a bond 
formation. The bond so formed is called the ionic or electrovalent bond so 
common in inorganic chemistry, potassium chloride, magnesium oxlcie,sodiuffl 
hydroxide, etc. contain ionic bonds. The ionic bond is non>dircctiunal 
because ions radiate a spherically symmetrical positive or negative field. 

Lewis explained the formation of a covalent bondhy sharing rather than 
by transfer of electrons. Two chlorine atoms, for instance, combine in such 
a way that a pair of elections is shared by both the chlorine atonii as 
shown below : 


• • XX • * • XX 

:CI. 4- 5Cx ► ;C1 X a Cl— Cl 

• • XX • • XX 

The symbols used to describe such systems are called Lewis structures. 
Molecules like bromine, methane, hydrogen chloride, carbon tetrachloride 
ete. are examples of compounds containing covalent bonds. A covalent bond 
can be either polar or non-polar depending on the electronegativities of the 
two linked atoms. Larger the difference jn electronegativity of the bonded 
atoms, more polar is the bond. If more than one pair of electrons is shar'^d 
by the atoms then multiple covalent bonds arc formed, for example. 


0=C --0, H— CaC— H, etc. 


There is yet another way of octet formation. In this case the bonding 
electrons arc provided by i»ne uf the two partners and then shared jointly. 
For example, consider the amine oxide molecule which is formed by com- 
bining trimethylaniinc with oxygen. 

CH, CH, CH3 

I XX I XX I 

+ Og > H 3 C-N; ► HjC— N > O 

i xx I XX I 

Ha CH, bn. 

The nitrogen atom of the amine provides the two electrons and is referred 
to as the donor atom and such a pair is called the loneitair. The oxygen 
atom which accepts the electron pair is known as the acceptor. This type of 
bond is called the coordinate or dative bond, and is expressed by an arrow 
(->) pointing towards the acceptor. The formula may also be described in a 
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djpolar form as follows : 


CHa 

I 

CH, 

r,N+~BF,- (R,N 


? { t \ 

- H— 0-N+=0 \H— O— N .=0/ 


and 


■^BFa) 


Many inorganic salts, in particular, contain more than one type of bond 
between their atoms, i'or instance, KCN contains both ionic and covalent 
bonds; and CuS04*5lf,0 has ionic, covalent and dative bonds 

1.2.1 Formal Charge on an Atom 

Formal charge may be described as the excess or lack of electrons at an 
atom in the molecules as compared to the free atom. In order to calculate 
the form.il charge on an atom, it is assumed that the atom has possession 
of half the shared electrons, The following cxpicssion can then be employed 
to calculate formal charge on an atom : 

I'ornial Charge Valence electrons of the isolated atom — (unshared elec- 
trons ‘ J shared electrons) 

The valence electrons are the number of electrons in terms of its position 
in the periodic table, for carbon it is 4, nitrogen 5, o.\.ig«’n 6, halogms 7, 
.ufifur 8. In nitric acid, for instance, nitrogen has no unshared electrons but 
eight shared electrons, therefore, the formal charge on nitrogen is equal to 

H— O— \=0 or 1 1 : C> ; N . : 6 

i •• I •• 

O ;6: 


(5--(0 1 8/2] 1, nitiogcn thus has one formal charge and oxygen atom 

similarly has a formal charge equal to [b (6- 2/2)] - - 1. The atoms in 
the H— C?>N molecule have no formal charge, whereas in caj bon monoxide 
(;C ; : : O :), the carbon has a single negative f<'«'mal charge and oxygen a 

+ 

single positive formal charge. In the nitronium ion {0«=>N---0) oxygen has 
a zero formal charge but nitrogen has -f 1 formal charge. 

1.2.2 Modem Ctmeept of Bond Formation 

The so-called 'rule of eight' ro doubt explains the covalent bond formation 
in a large number of eases but discripancics, do occur. For example, 
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aithougb it is known that BCIj is a covalent compounti, one finds that there 
are only six electrons around the boron atom instead of the required eight. 
It follows that we have to raodtfV our way of explaining a chemical bond 
formation. This is done in terms of the orbitals, i.e. the bond formation in- 
volves the filling of incomplete or empty orbitals of an atom by the electrons 
of the other. In the H— H bond formation, each hydrogen has a single un- 
paired electron in the 1 s atomic orbital. The electron chai ged clouds approach 
each other and the atomic orbitals combine to form a hydrogen molecule. 
In the hydrogen molecule, the two electrons remain most of the time bet- 
ween the nuclei bolding the molecule together. In wave mechanical termino- 
logy, the process is called overlap. The term overlap refers to the extent to 
which atomic orbitals on different atoms share the same region of space to 
form a molecular orbital A hydrogen molecule results from the formation 
of a hydrogen-hydrogen covalent bond, such a process occurring with the 
pairing of spins denoted as | j. The orbital so obtained is called the mole- 
cular orbital. In the formation of a bond, certain amount of energy is 
released, the hydrogen molecule is thus 104.2 Kcal/molo more stable than 
each of the hydrogen atoms. The larger the degree of overlap of the atomic 
orbitals, the greater is the energy of the bond foimed. 




This new orbital is no longer spherical in shape rather tends to have a 
higher electron density between the two hydrogen nuclei. The bond so 
formed is described as a sigma (a) bond. 

If we start vvith two or more atomic orbitals, the same number of new 
molecular orbitals arc formed, fn the case of hydrogen, on combination, 
the two atomic oibitals are split into two new energy states. In terms of 
molecular orbital theory, the lower energy orbital is a bonding orbital 


0*0 


u 


node 



<T MO ( onti - bond>nq) 

i 


ft 


CTMOt bonding; 
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that of higher energy is the anti’honding orbital. This typo of orbital contains 
a nodal plane. Formally, only orbitals that are not Ailed or arc incomplete 
participate in orbital overlap. 

1.3 BOND DISSOCIATION ENERGIES 

When atoms combine to form molecules, energy is released. The molecule 
has a lower energy than its constituent atoms. For instance, when two 
hydrogen atoms combine to form a hydrogen molecule, the reaction is 
exothermic and 104.2 Kcal of heat is evolved per mole of hydrogen pro- 
duced. 


ir .f ► If— H AH - 104.2 Kcal/mole 

Nvvcrtheless, the atoms arc held together by forces which can bo < stiinated. 
We may define this forte as the energy contained between the two atoms 
and may be termed as bond energy (L) or the heat of form.ition of the bond. 
The total energy contained in a molecule is the sum of the bond energies of 
all the bonds con\tituling the molecule. 

'I he energy required to break a covalent bimd into its fragments is called 
dissi>ciation encrev <f>) It is a measure of the strength of a bond. This is 
.m endothermic process. The energy absorbed to break a If— H bond is 
exactly equal to that evolved m its foimaiitm, but AH i, now positive, 

U—H ► H" H* AH - 104.2 Kcal/mole 

Determination f)f bond dissociation energy is an exporimcital process and is 
usually calculalcu fiom thennochemical data. Bond dissociation energy 
values for some common bonds arc given i.i Table 1.1. T he dissociation 
enctgs of a bond mcieascs with the dilTerenee in the clectroiu'gativities of 

Table I.I. Sin.;l(‘ Bond Uissociatinn ilnergics (Kcaly'moie) 


Bond Uoiut 1 lurey 


tl—H 

104.2 

u— n 

|.X» 

c— c 




F— F 

36.6 

Cl— (1 

58.0 

hr— flr 

46 

F— P 

38 


i.ond llond l>is>oiialKni Energy 


H -O 

10.\4 

I— 1 

46.1 

H3C- H 

104 


1014 

Cl 

83.5 

C— .Hr 

70.0 

( — 1 

56 

Nd~Cl 

98.1 
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the bonded atoms. Furthermore* the shorter the bond, the stronger is the 
bond. 

1.4 £LECntON£GATlVlTY AND BOND POLARITV 

Electronegativity is defined as the tendency of an atom to attract electrons. 
The elements with high electronegativity arc up and to the right of the 
{teriodic table, i.e. going across the top row, the electronegativity increases in 
the order Li<C<N<0<F. The electronegativity of the halogen atoms 
decreases in the se<iuence I'>Cl>Br, i.e. fluorine has the highest electro- 
negativity. 

The relative electronegativities of the electron commonly encountered 
in organic molecules are as follows : 

H<C<I<Br<Cl<N<0<H 

In this series hydrogen is least electronegative. The more electronegative 
an element, the greater will be its hold on the electrons, in a covalent bond 
the sharing of electrons between the atoms need not be eitual except 
In the case of two identical atoms. Unlike atoms bonded together 
have different electronegativities. This liilfcrence in electronegativity gives 
a partial negative (S*) charge to the more electronegative atom and a 
partial positive (S+) charge to the second atom, as shown for i ICl molecule. 




Cl 



&• 

H Cl 


A greater share of the pair of electrons is held by the chlorine atom and as 
a result the molecular orbital is unsyramctrical, such a bond is termed as a 
polar covalent homl. Extreme differences in electronegativity cause the atoms 
to form an ionic bond (Li+ F-). If the bonded atoms, on the other hand, are 
identical such as that in Cl, molecule, then the bond is considered non-polar. 
Electronegativity can be measured on a relative scale. Accordingly Pauling 
proposed a scale on the basis of measurements of bond dissociation 
energies. 

1.5 HYBRIDIZATION AND SHAPES OF MOLECULES 
It has been observed that the number of covalent bonds formed by an 
atom is equal to the number of electrons in its outermost shell. However, 
certain atoms such as carbon, boron and beryllium do not obey this 
generalization. They rather form more covalent bonds than might be 
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predicted. The most logical explanation of this fact is that hybrid covalent 
bonds exist in compounds of C, B and Be. To understand this let us consi* 
der the electronic configuration of these three elements. 



Ij 

2s 

2p, 

2py 

2pg 

C (ground state) 

1 1 

u 

t 



B (ground state) 

t i 

t ^ 

t 



Be (ground state) 

t ^ 






An examination of these ekctronic conflgurution indicates that carbon 
should be divalent, bomn monovalent while beryllium should not form any 
bond at all In practice, however, this is not so, because carbon forms four 
covalent bonds, horun three and beryllium two Therefore, to explain the 
tctravalency of carbon it is assumed that one electron from the 2s orbital is 
promoted to the vacant p, orbital as shtnsn below : 

1 r 2s 2p:c 2py 2p, 

C (excited stale) * ^ f | ^ 

Thus by mixing the orbitals four new equivalent orbitals containing one 
electron each are formed. These are hybridized orbitals and the process of 
mixing of orbitals of different energy levels is called as hybridization. The 
new orbitals are written as dsp*, and have 25'’' s character character. 
This concept was developed by I- Pauling an American chemist. The four 
hybridized orbitals point towards the foui corners of a tetrahedron. 
The shape of an sp^ orbital is shown below and it consists of two lobes, one 
large and one small b'or the sake of clarity the smaller lobe is often omitted. 
It is only with the large lobe that any appreciable overlap takes place. The 
four unfilied hybrid oihitals can ovedap with the unfilled orbitals of hydro- 
gen to form the four tetrahedrally equivalent C—H covalent bonds of methane 
as depicted below : 



An sp* hybridized orbital 


The methane molecule is tetrahedral because the four hydrogeo atoms 
and the four pairs of bonding electrons are as far apart as possible from 
one another but .still close enough to form the covalent bonds. The sj^ 
hybridization is typical for carbon atoms in saturated compounds. 
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Two othei t>pc'> of hybridisation arc a^cumcd in compounds containing 
multiple bonds such as in ethyicnes and acetylenes In ethylene a difierent 
mode of hybridization is proposed, i.e. one 2f oibiial and only two 2p 
orbitals electrons arc permitted to mix giving rise to three equivalent 
orbitaUas shown below. Such a carbon atom is said to be ip^ hvbndizcd. 





tlircc sp^ hybrid 
orbitals 


The sp* hybridtzeil orbitals are planar and the lobes subtend an angle of 
]20^ The sp* orbitals has one part, the character of an s orbital and two 
parts, the character of a p orbital. ^ 

The second is the sp hybridization which is foroaed by the mixing of 
ones and one p orbitals. The sp hybridized orbitals are oriented at an angle of 
ISO”, i.e. they are linear. This type of hybiidization is characteiistic of 
oompounds containing triple bonds and also of cnmulenes. 
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two sp hybrid orbitals 


Similarly in boion one 2^ electron K promoted to the vacant 2/>* orbital, 
as depicted below; 



\s 

2 ? 2 p, 

2 />y 

2p, 

B (excited statc> 

t i 

t t 

t 


mixing the three 

orbitals results in three 

equivalent 

bybi idized 


orbitals. In this case they are sp* hybridized orbitals The bonding formed 
by the ovcilap of sp* hybiidi/cd orbitals with p-orbilaK of fluorine in BF 3 
is shown below; 



The three atoms form a triangle about the central atom and the shape 
is described as trigonni planar. The angle between the bonds is 120'’. 

In beryllium the 2s and 2pg orbitals hybridize in the excited state. The 
result is two jp hybridized orbitals. The orbital representation for BeCI, is 
as follows : 
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Because the bonds are linear, the bond angle is 120". Some other 
examples of linear molecules are BeF,, BeHj, HgClj. 



Ammonia, ammonium ion, water, silicon fluoride, methane are tetra- 
hedral. In ammonia the bond angle is 106", in ammonium ion 109.8" (same 
as in methanef and in water 104.5", 




The molecules of stannous chloride (SnClj), sulfur dioxide (SO|)» mtritc 
ion and ethylene arc sp” hybriui/cd. 




' Sft X 


'Cf 
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1.6 BOND ANGLE 

The strongest bonds will be formed if the atoms approach in such a manner 
that there is a maximum overlap between the atomic vtibitals. Smec orbitals 
have different shapes, therefttre, a covalent bond will have a preferred 
direction. 

A covalent bond is thus oriented in space with respect to one another. 
Fiom the presious section wc have noticed that the J-oibilal is spherically 
symmetrical and overlaps another r-orbital in all dircctionv The p-orbitals, 
on the other hand, are directed at right angles to each other, i.c. they 
possess dncctional piopcrties I'urthei more, the hybrid «'rbitals of carbon 
have an angle of 10‘>.28“. sj^ 120* and sp 180* with respect to one another. 
Thcrefoie, bonds exhibiting these different types of hybritli/ation show 
different bond angles Therefore, in addition to bond energy and bond 
divi.,nre, this is another propcity of bonds. The bond angles arc dcteimined 
by ( he atinnic orbitals involved in bond formation De\iatii'..s, however, do 
o..(.ur in many cases In water, for instance, the H — O — If bond angle is 
10127' hi H—O—H angle is close to the tetrahedral angle The bonds 
1 I w,il..i a V. thus in .in sp^ hybiuli/ed state. A tstrahcdial sttuctuie foi 
w.itcr I an be wnten if wc piiKO the two non-bonding electron p.iirs at the 
t>' .Kts <»f a tetf.ihcdion 

17 BOND LENGl’ll 

fh^ bviiid length between two bonded atoms A — A can be described as their 
'nieimielcai distance 1 his dis*ai'ee is usually very small and is expressed in 
angsirenn units (A) This type »)f information has been obtained with a high 
degiee of a< curacy by electron dilTraeta>n and X-ra> diffraction methods. The 
magnitude of length depends upon a number td l.ietids such as o bital hybri- 
dization, rtwonance effects etc These factvirs usually tend to shot ten the bond 
distance Table 1 2 rccoids the bond lengths of some carbon compounds 

Table t 2 Nurmul Bond licngths 


hond 

Bond Length (A) 

Rond 

Bond ^A’) 

C'—H 

1. 07 

1 

aC— H 

1.07 

O— II 

0.96 

=C— H 

l.OS 

C—t 

1. 54 

— C C 

1 IS 

c— C1 

I 76 

—Cast' 

i.;n 



\ 


C — Br 

1 94 

c o 

1 22 



/ 


C—t 

2.14 

C -N 

M6 
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It is clear from the Table that a carbon-carbon multiple bond is shorter 
than a carbon-carbon single bond. This diflcrence is attribtitcd to the change 
in the hybridization of the carbon atom. With greater electron density bet- 
ween the two carbon nuclei in the multiple bonds, the two nuclei are drawn 
closer together. 

The covalent bond lengths are nearly constant in a given series of related 
atoms and this constancy of Umd lengths reflects the fact that the properties 
of individual bonds are, to a good approximation, independent of the re- 
mainder of the molecule. 

1.8 THE HYDROGEN BOND 

The attraction between a hydrogen atom in one molecule and an electro- 
negative atiim in another molecule is called a hydrogen bond. Let us consider 
the hydrogen fluoride molecule. The bond in it being covalent polar can 

be written as H— F. If another HF molecule conics cK'ser then there will 
be an attraction between the negative end of one molecule and the positive 
end of the other as shown below: 

a^■ a- a>- a- 
H F.... II— F 

There is a bond formation between 1 and H atoms. In othci woids, when 
a hydrogen atom is flankeii by two eletironeg.uive atoms a hydrogen 
bond formation takes place. The bond results from electrostatic attracoon. 
It is represented by a dotted line and is very weak but strong enough to 
appreciably effect properties of nlidcculcs. Hydrogen bond occurs 
in compounds like alcohols, water, hydr<>gcn fluoride, .tn'm«»iii.i, etc I here 
arc two types of h>drc-gen bonds, namdy inhrmohrular {between two or 
more molecules) ami / -tramokcular (within the same molecule). Boili t)pes 
effect the properties of molecules. 1 his point can be illusliated by consider- 
ing s<tmc examples. 

Intermolecular H-Bond. As stated earlier intcrmolcculdr H-bond 
occurs between two or molecules of the same or different types. Water 
and hydrogen sulfide uie hydrides of elements in the sixth group of 
the periodic table. The boiling point of H,S is 40X while that if water is 
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much higher, lOO^C. This increase in boiling point of water is exjdained on 
the basis that association of water molecules takes place in the liquid state. 
The hydrogen bonds link the water molecules together to form a huge 
molecular aggregate. Rxtra energy is thus required to break the hydrogen 
bonds, which raise its boiling point. Hydrogen sulfide, on the other hand, 
lacks (his association. 

The bonds in water molecule are inclined at approximately the tetra- 
hedral angle. Water molecules are associated in liquid water. In ice the 
arrangement of molecules is similar but the regularity extends throughout 
the whole structure. The structure spaces the molecules further apart than 
they arc in liquid water. Ice thus occupies more space than the original 
liquid. This explains why water expands on freezing. 

F.thanol (78.3 C) boils higher than the isomeric compound dimethyl 
ether (—24*’C) and phenol (182‘'C) b«)ils higher than toluene ((I0.6®CJ. 

1 or a substance to be soluble m water, it should be ..bic to associate 
With water Both ethanol and nieUunol are miscible with water in all 
proportions because of coordination with water 


CjHjOH 



Ethers, higher alcohols and hydrv^icarbons are not sislublc in water because 
they cannot associate with w-ater. 

Intramolecular II-Bond: A large number of nioLculcs arc capable of 
fi'rming intramolccuhar hydiogen Kmd between two groups present in the 
same molecule. This rypo of association also alters the properties of 
molecules. Phenol, for instance, on nitration affords a mixture of o-and 
p-nitrophenoK. The isomets can be separated by steam distillation as the 
o-isomer distils over while the p-i.somcr remaining in the flask can be rccrys- 
talli/cd. This diflcrcnce in hiiiling point of the two isomers has been 
explained on the occurrence of 'ntramoiecular hydrogen bonding in 
o*nitrophenol and intermolccular hydrogen bonding in the p-isomcr. 
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/>-Nitrophcnol b^causo of hydrogen bond formation becomes a closely 
knit large aggregate which causes the increase in its boiling point. 


HO 




H — 0 



N 




0 


0 III,,, 


Occurrence of intramolcculat hydrogen bond seems to influence the 
acidity of certain carboxylic acids. Salicydie acid, for instance, is 35 times 
more stronger than p-hydroxsbcii/oic acid. The salicylate ion is stabili/cd 
by intramolecul.il hydrogen btintl formation. 



H,0- 


l-fydrogcn bond is important in piotciiis ah*'. Proteins contain long 


H 

chains of the formula 

R 



0 H 


II I 

C N 



Since both 



O 


and^N — H bonds arc pol.rr. intramolecular hydrogen bond formation 

can between them. Several such hydrogen bond.s are present m a 
single protein molecule, and it is held in a three-dimcusional arrangement. 

1.9 POLAR MOLECULES ANO DIPOLE MOMENT 


In a non-polar bond the electric charge is equally distributed between tho 
Identical atoms. Examples arc those of N,. CI„ Br„ etc. If there is a chargq 
displacement towards the more electronegative atom, the bond is polar A* 
we have seen before this is the case with HCl and the molecule is polar. When 
the centers of positive and nega tive c^|rges d o not coincide they con-stitutn 
a dipole and the molecule is saitf?i^w^^^hdipolc‘ moment . It is defined 
as the product of the 
them and is represented j 
moments of some commij 


1 the distance (d) between 
^^It is cxpreSsd^,.M^ebyc units (D). Dipole 
ipounds arc lis^e^n Tabic 1.3. 


^ 1 JijGfT 


CP 


TJ I 

.Gif i 
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Table 1 3. Dfpole Momeols of Some Common Compound* 


C ompouluJ 

1)1 pole* Moment 

C oinp lund 

J>ipole Moment 






0 

< ll,C I 

1 

<'s 

0 

t H,Ur 

],79 

«r, 

0 

t H,I 

1.64 

H,S 

0 

t llgOH 



1 "2 


I 74 

Kt I 

1 ^4 

XHj 

1 4-' 


IJH 

< tl, 

0 

« 


_ _ 

- ^ _ 


Dipotc moincni is a vector quainits. i.c it basbt'th JiKctionanclin>igni> 
tudc The net !•' !. rnomtnt is the vector sum of the uipole moments ot 
the ituiividual bvnds This punt can oe tllus'raicd Aitn the foilowing 
ecainpics. 

In water the () — 11 bonus are polar because of the difference in the elec- 
tronegativity of ox>gcn and h>drogcu. If the bond angle had bvcn ISC’, 
(hen the two bond iiioraenls would have cantelied and the iict dipole mo- 
nieni would be /c'o. \vtually the angle* is approximately 104", therefore, 
water has a resultant molecular dipole Siniilarlv methanol has a net dipole 
moment becau>c the li— O— C angle is about 107' and oxygen is more 
elceironegativc tlun either carbon oi hydrogen 



Bond dipotc" ’ i 



H 



Molecular vtipote moment 


♦ — „ Dond dipole 

net mofecutar dipole 
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Carbon tetrachloride is a tetrahedral molecule with a bond angle of 
109.28®. The four individual C— -Cl bonds arc polar and the negative end 
points towards the chlorine atom. The four vectors add up to zero, thcre- 
forCt carbon tetrachloride has no net dipole moment. 

Ci 


Cl .c Ct 


Cl 

Tetrahedral structure of Planar Structure of C'Cl, 

Carbon dio.xide molecule is linear and has no net dipole moment. This 
is because the two component C -O bond moments arc oppt'sed and they 
cancel each other. 



— i” 4 

0— C- -0 

Planar structutc of CO, 


An important factor that influences dipole roonunl is resonance as it 
increases the distance between the charges. Let us consider the following 
three nitro compounds. An examination of the dip^dc moments indicates that 
p-nitroanilinc has the highest value (6.10) because the electrons are transfci- 
red from the amino to the nitro group by resonance and this increases the 
distance of charge separation. 



(X;,_3.50 


Pfl e4.95 



po^ft.lO 
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For the same reason CH,CI (fi/j - 1.87) has a large dipole moment than 
CH^F ((A/) 1.81) because the C— Cl bond is longer though fluorine is mote 
electronegative than chlorine. 

The case with which a dipole may be induced in a molecule is called its 
polarizability. As the number of electrons in a molecule increases its pola- 
rizability also incrcdses. Iodine, for instance, has a greater poldrizability 
than bromine. 


QUESTIONS 

1 . 1 Wtitc short notes on the following : 

Polarity of bond.s, bond angle, association, electropositive elements, 
h><lrogen-hond, bond length and dissociation energy. 

1.2 Distinguish between ^-orbital, p-orbiial, sp^ and spP hybridized 
orbitals. 

1 3 Why IS methane tetrahetl! a! 

1 4 Intramole-nlar hydrogen-bonding occurs in di-1, 2-cyclopentanediul 
but not in the /ro/is-isomer. Why? 





\ f r* 

■^0 / 


> 



H 

M 

M ^\C> 


c(s troOs 


1.5 f>-Nitiophcnol is steam voKitilc .ind less soluble than the other 
isomers. 

1 6 Describe the formation and shape of an rp* hybridized orbital. 

1 7 (a) p-Nitroaniline has a dipole moment (6.10 D) greater than the sum 
of the dipole moments of nitrobenzene (3.95 D) and aniline 
(1.53 D). 

(b) Explain the difference in the dipole moments of the following 
compounds : 

CHsCHO and Cl* ClI^CH, 

(|Xi> - 2.65) (|io 0.35) 

(c) Which of the following two compounds will have a larger dipole 
moment and why: 


CH*NU, 


C,H,NO, 
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1.8 Calculate the formal charges on the atoms indicated in parentheses. 

HjSO* (S and O), CO, (C and O). HCO, (C and O) 

1.9 Indicate the compounds from the following list which have a perma- 
nent dipole moment and those which do not : 


Cl-C - C-Cl, NHa. Cl,. CH 3 OCII 3 , CF,. CH,.Cell 3 NH„C«H,. ICl 

1.10 The central bond of biacctyicnc is 1 37A whereas a notinalC-C 
bond distance 1 54A. How do you account for this difference ’ 

1.11 How do the bond lengths and bond angles saiy in the following 
cases? 


I \ \ \ / 

H, C C, -C 

I I I / '^s 


C— , —I —Cl 


1 . 12 Explain the following terms . 

Bond length, bond energy and bond angle. 

1 13 Explain what is meant by dipole moment*’ Name two compound'^ 
which show dipole moment and two which do not 

1 . 14 What are faybridixed orbitals ’ Jii .iify the in 1 rod ut turn of the toiivcpi 
of hybridisation in cert iin cases, and give an example of lavh ivpe 

1.15 Why 15 It nec*.,>sary to invoke hvbndi/ation to explain boiuliiig in 

1.16 Predict the direction of the dipole moment, if any, in tlu followm,,' 
molecules • 


ICl, Bt„ HCI, If, 

1.17 Which of the following single bond is shoitest in kngth 

CH,CH,-CH,, Clf,— CM (Tl,. CH 3 C . C— C CH, 

Cffj— C -- C H 

1 . 18 Predict the shape of the following molecules ; 

BcCi„ Nlf,% 11,0. hCl„ SiF,. PH, 

1.19 Water has dipole moment but carbon dioxide has not. 

1.20 Give an example of an element that undergoes sp hybridization in 
forming covalent bonds, with other elements. Wbaa is the angle 
between the bonds that result from s sp overlap of atomic orbitals. 

1.21 Why does Ice contract when it melts? 
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Classification and Nomenclature of 
Organic Compounds 


A taibonalo n hasihe remaikablecapjbili(> of covaknl bond:>VMth 

elements like H, N, S () the halogen^ tit Moreover Ptancntei into bond 
tx^rmation with othei carbon atom-, as veil I his propwil has resulted man 
almost infinite variety ot organic eenn rounds *vhith'^how vast differences in 
plivsital and ^hcmual pr<)pv. 4 tus, lo s>sicrnau/e and 1 leiliuielht study ot 
oigiaic coinpouheij, thsV hivo bcx.n <li\idcd inn) lilKrcntuhsses depending 
onlhetvpeol functional groups pi ^stnt A (uutionai s/i is dtlined as the 
<honiiealiv iCucti.c pan vif thcinoLcuk 1 bus the caibx \ 1 group ( — COOH) 
IS the tuuctiunal gioup ot i class of organic eoaipoui Jskaxiwp asC4rb»>xvlic 
a ids fhc siluriieuh d/ocaibons^ lu wIik halt the vakneies el carbon atoms 
are satisfied >v hydi \cn alons, ek> not coni iiu a funetioiud group 

(Jigai ic K ompouiids have Inscn oioa IK divided into two i>pe ac>Iic(b) 
t l)i\ fir l IN pc ot eiunpx'unds IS aKo Known a^ luii \ or dlipnatic (from 
Oretk, t lO and tl»x. t liav vither oimul oio/u/r/t<* siructu*t.s ibciW//r 
ioinpound .irt eiiher itfhhMlti /7/?^n LorUiiin g Ul car n itoms t>r 
fittifooiih tu s eont nnn g oiiiei at nils “U h iS N, S vu tMn rin^^loriiialion 
in w Idilion to earb n lie ai > itiliL e impounds irc * special elasb ot 
compounds ih it e<ml tin ui ilternating ^Nsum ol single and iloublc bonds 
in i SIX msinb*. red pknui ring 

2 1 NAMING 01 ORG \Mt C OMROl NDS 
Iheie arc Ihiec methods ot mining ^ it m'c iompounds. 

/mi <// miUn s I riviai nann > arc also c tiled tlK to^>\ *iom ^'amos and gener- 
ally refer the »oure<. xd the ei>mp Minds fioin which they arc obt% mud. A 
leW example's will help illustrate' this point. Ox.d acM (o\alis).aliM alcohol 
(allium), citric acid (citrus), une acid \^uiine)i etc have been derived from the 
*>ourees mentioned in pare'iithescs Some n mics icfx,r to distioel properties o\ 
the compounds, for example* glucose (Ciue'k, sweet), dcrolein (Latin, pun- 
gent). More complex substances such as alkaloids, vitamins, tcipencs, car- 
bohydrates arc also given comm >n names 1 he common names of diiicrc it 
homologous scrii s are rccunktl m fable 2.^ 
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Derived names: Derived names are based on the recojtoition of certain 
familiar common names. Thus, in the alcohol series, CHjOf I is called 
carbinol and CH,CH,OVI, mcthylcarbinul. 

Systematic nomenclature: Because <'f the mullttude of organic compounds 
known it is impossible lo icmembcr the common name of each compound. 
Therefore, a systematic Nchemc of naming organic compounds is tlesirable. 
The first attempt at such a scheme was made in Orvicvoin 1892. This system 
is in vogue nowadays and has been recommended by the International 
Union of Pure and Applied Chemistry and is thus often referred to as 
lUPAC nomenclature. 

2.1.1 lUPAC Nomeoclatufe 

The lUPAC system of nomenclature is applicable to the naming of open- 
chain compounds. Certain rules have been devised which enable us to 
translate a structure into a name and vice wrui The basic point is to name 
a compound as a derivative of a stiaighf chain hydrocarbon. This chain of 
carbon atoms piovidcs the ‘root' for the constiuction of the name of a 
compound. The rules are st-ited below: 

] . The generic name for paraffins or saturated hydrocarbons !■> alkanes. 

2 . In a compound to be named, fi^st determine the long st straight chain 
of carbon atoms. The name of the hydrocarbim coi responding to this 
chain serves as the basis foi the name of the compound. The selection 
of the chain docs not depend upon how it is written. Each of the 
following two chains con-listing of si\ carbon atoms correspond to 
hexane. 


Clfa— CHg— CUj— C Ha— Cflj— CTl, 


Cl fa 

<H,— CHj-ciHa 

CHt 

CHs 


3. To specify the positions of the substituents they are given names and 
numbers corrc.spoading to their attachment on the straight chai|i. 
The name of the alkyl substituent is derived by changing the paraffin 
hydrocarbon ending —ane to — >/. The name of several substituents 
arc given m Table 2.1 . 

4. The carbon chain is numbered commencing at the end nearest the 
branching if any. This is done to assign the lowest number to the 
substituent or group present on the cham. The numbering in the 
following carbon chain starts from left. 
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H,C- cn— Cl r,— CH,— Clfj—CHa 

H, 

5. When the carbon atom bears two similar substituents, their location 
ami number are represented by prefixing di {2), tri-ii), tetra-{A), etc. 
before the substituent 

6. When two or more groups aie located in equivalent positions in the 
carbon chain, the lower number is assigned to that group which is 
written first in the name of the compound in the alphabetical order. 
'I'be numbering in the following chain commences fiom the light. 

Cl I, Cllj— CH, 

« 1 «l S 4 3 »l 1 

HaC. -CH, -CH— CHj— Clfj— CIl^— CH— CHj 

7. In case two chains of equal number of caibon atoms compete f<'r 
se)«.ctu)n as ♦he longest chain, select the one that has greater number 
of substituents attached to ii. The following caibon chain is numbeied 
as slK'Wn and then naineil accordingly. Note that an alternative chain 
of Swven carbon atoms is also available. 

CH, C\h 

t a I 3 t .s ! ♦. 1 

II/— Clf— CH— CH.,— CH— CM— CHj 

I ■ I 

CM, CM, 

1 

CM, 


8. While wilting the name of the compound, place the substituents in an 
alphabetical order, i.e. ethsl before methyl and bromo befotc 
chloro. 

The application of these lules nia> be demonstiated by the following 
examples: 

CH,— C’H— C:M,— CMa— CM,— tdlg 2-McthYlhexane 

i ” (and not S-Meihvlhexaiu) 

CM, 

CM, CM, 

T r A -b ‘ 

H,C--C— CH^'H— Cl I, 

Ah, 


2 , 2,4-Trimethylpcnlanc 
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CH3 




1 :h 3 




4 

HjC— C— CH—C'ff 

1 U 

CHjCH. 

1 

i-C'H* 

4 -Ell»yl- 3 , 

heptane 

3 , 6-iiimclhyl- 
(see rule 2) 

'« 

CH 

/\ 7 

CH, 




Table 2 1 Names of Organic Substituents 


Substituent 

NaoK 

Substiiuenl 

Name 

— CH, 

McilivI 

CHg 

/ 

— C'HjC H 

\ 

CHj 

nt»-Butv] 

jHj 

) th^i 

1 

u'i -Butyl 

— CHjCIIat'H., 

/^-Propyl 



cjf, 

/ 

\ 

I'H, 

\s J.p opyl 

— t H,CHj( H/ nj,C»l, «-IVntyl 

— CHgCHjtMjCH, 


CHg 

/ 

— CH,CH,CH 

CII3 

1 

—CHj— C— CH, 

/fri-Pcntyl 



Pentyl 

— C-sCH 

lithynyl 

— CHjCH,— ‘ 

hthylene 

— CH«aCH, 

Vinyl 

-CH, 

Methylene 



Classification and Nomenclature of Organic Compounds 29 


\ 


— rn^CH-.CHj 

Allyl 

CHCI^ 

/ 

Bthylidenc 

-o 

Phenyl 

—OH 

Hydroxy 


Bcn/yl 

•— OCH., 

vrcthox> 

-*-o 

Hen /o>l 


Phenoxy 

tH, 

oly] 


C >arA 



— CIU) 

f orn >l 

— cn/ 1 

(’hloromclhyl 

o 

W 

— CCI 

('hlorolormyl 

— CH„{)H 

!f>droxymcih)l 

<) 

II 

~CCH3 

Acetyl 

o 

CvcJopropyl 

~N(>v 

Nitro 

-O 

C>clobufy| 

~t J 

('hloro 

C'yclopcntvl 

—Hr 

Rromo 

-o 

-1 

Cyclohexyl 



-1 

lodo 

— N O 

Nitroso 

— NHOH 

ffydroxyamtnt' 

^N -N— 

A/o 




Methylthio 
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2.1.2 Naming Componnds Containing One Functional Group 

The name of a compound containing any one of the functional groups is 
obtained by adding a sitffSx to the root dciived from the name of the 
hydrocarbon of longest carbon chain. The si0.\- is added in place of the 
ending -ani\ The final suIEx also controls the numbering as a genet al rule. 
The number always precedes the functional gioup. The various suffixes 
arc set forth in Table 2.2. 


Tabic 2,2 Sullixcs for Functional Croups 


Alkoncs 

•i'fie 

C’arboxvlic acids 


Acetvlciies 


Acid Chloiidcs 

-v)nykhloride 

Alcohols 

ol 

Aniidcs 

-untiilt* 

Aldehydes 

*<il 

Fsters 

•Oiite 

Kciojies 


Amines 

’iWiiiK 


The rUPAC name*, of l.>\\..-r mcmhvrs of each scries .tie lisled in Table 2 .V 
A few more repre%entcd exuiiiple% arc discussed below : 


2 1 

HjC==CHCI 



1 -( 'hloroelhenc 


2-Cyelobutyi-3-m(.thyl-l-butcnc 


Cl C .-.CH 


I-Chloro-I-elfiynylcycIohexanc 
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CHa-i— OH 2-Mcthyl-2-piopapoi 

si 

CH, 

H 

* 1 / 

CHgOCHXHjN 2-Mcthoxy-N-mcthylcthanaminc 

\’H., 

O 

* / 1 I* 

11/ — f'H— (MI.-C OCM^CH., I.th>l 2 mahslbul.inoatc 

cir, 

C’H,CH .6lX N Huta'umit: ik 

QH,CM/'H,rH/'ll,COO!l 5-Phcri>Ipciitanoic acid 

CH3 

CH/’Hj — O — C — Cl I, 2*f'ihox>-2-mcih>lpu’panc 

li 

til.. 

Cl 1,CH,CH— Cl icno :-nihyl-3-mcth> Ipcntanal 

CH., C/li 

2.1.2a Alcohols: In naming alcohols the suili.x -,?«< is changed to -ol, 
i.c., an alkanol. The numbciing commences fnini that end of 'he chain 
which gives the lowest nunibci to the —OH f >up. 

Cl^H,— ^H,OH 2-Chloro-l-cthanol 

L 


2'Piopanol 
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CHj—ClI— Cl fa-CKj— Cf r^—Cl f/)H 5-MethyIhcx- l-o/ 

CH3 

2.2.2b AlJeh)ih'S‘ The suffix is ch mgcii to -«/, i.c , an alkanal. 

Since the carbonyl gioiipotciipics the tcininul p >sit!on, it always (he 
Dumber 1 caibon ati*in. 

CJI,— CH.— tHl— CffO ’-Mcihylbiit.inaJ 

I 

Cfl, 

CH,-CH,— ('-ff—CH— Clio :-i thvi-'! m.>lhv!p^nt,ii..'l 

‘ I ' 

CH. c\n 

2.1 2 c K'thims f he suffix -n/ii is Hi inpeii to »«/ , 1 e , an .ilk.imuic I he 
numbeiing conii'ic'itcs fu m Out eniK f the » h.ii'i whch pises the lowest 
number to the caibo'ivl gioup It is alwa s nc'o^s.ll\ to p.dix (he n uto 
b> a niimhei to specify the position of the ..aibonsl grouj' 

0 

CH,— <'H,— Ulj *C— ( H, MVotaiionc 

O 

L H,— C H— ( H,— ( ■— C H.— Cl I Mcthylhcx-?-om' 

i'Hj 

Naming of compounds containing other funttiunal gioups has been 
discussed in respective chapters 

2.1.3 Naming Compoundx Containing Two Functional Groups 

In a compound containing two functional groups, .1 gencial question it to 
decide the principal functional group For this purpose there is no lUPAC 
rule. However, the system developed by chemical abstracts is followed The 
fundamuntal rule is to use the pimcipal functumal group as sujffi x and indi- 
cate other substituents by prejtxes. The selection of the principal functional 
group is made on the basis of the preference listed below ’ 
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I. Acids 

2 Acid derivatives 

(esters, halides, amides) 

3. Aldehydes 

4. Nitriles 

5. Ketones 
6 Alcohols 

7. Thiols 

8. Amines 

9. Ethers 

10. Acetylenes 

II. Alkenes 

It must be n'membered that when adoubk or triple bond constitutes one ot 
the two fiiiKtion il i'roups, it can be used onlv as a suffix In the following 
pages various examples will be discussed by taking diffcrcn* combinations of 
functional groups 

2.1.3ii C-’C anu C C 

Two suffixes arc used foi a compound containing both the unsaturations 
and the compound is named an alkitiyne with numbering as low as possible 
given to multiple bonds, the triple bond getting the lowest number. 

H(* CH ("11 — (.'If-t 3-Pcntcn-l-yne 

If there is a choice then the double bond gets the preference over thv triple 
bond in the numbering but the compound is still named an alkenyne. 'Ihe 
double bond controls the numbering which is an exception lo the general 
lulc that the final suffix eonliols the numbering 


1*3 3 1 ., 

IK (H, 


i -Penten-4-yne 


I, & t 3 e 1 

IK' C— Ha-C 11 ("H. 


l-Hcxeii-.*' ' ne 


8 

lie 


7 fl h 4 \ t 

H ..('it—CH— ('H 


C'lUt-ell. 


('iiHs 


( H. 


6-tten/yl-.Vphcnjl-l 
4»octadieii- '-\nc 


If two identical unsaturations or functional groups are present, then the com- 
pound is generally^iamcd in the same manner as a monofunciional com- 
pound. The typical group suffix is combined with the syllabic t//- to indicate 
the presence of two groups 
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3- Methylcyclohexa- 1 

4- dienc 


6 4,-1 1 . 3-Pcntadiync 

HjC-Cr. C-C ?CH 

Note that if the starts with a consonant (as in the above two examples) 
then the letter a is also attached. 



2.1.3b C C and —OH 

The hydrocarbon suJiHx -ene and that of alcohol -ol are used as sutlixes. 
The -ol gets the preference and the compound is named an enol 


hI' CH— CH,— CIf,-OH 3-Butcn-!-ul 

FfjC— HC C— Oh,— CH,— OH 3-Methyl-3-penten.I.ol 



The— OH group is also used as a prefix. 


CH-,— CTI — CH, — C'OOH 3-Ht(lroxvbiiianoic acid 

I 

OH 

2.1.3c €=C; and CHO, C C' and C HO 

The compounds are named an aikenal and an aikynai respectively. The 
— CHO group, being the principal functional group, governs the numbering. 


H,C— CH «CM— CHj—CHO 


3-Pcnlcnal 


HC®C-CH -CHt-^HO 


3-DthyIpent-4*ynal 
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2.I.31I C«C aiidC--0;C - C andC^O 

The compounds arc named an atkenonc and an alkynone respectively. The 
position of the keto group is indicated by a number along the carbon chain. 


CH, O 


\ i! 

c=rir— 



I 


4-Mcthylpent-3-en-2-one 


The C O group is sometimes used as a substituent ( 0 x 0 ) alone with a 
number to indicate its position. 

0 

H,(' — C- -('H— C'HO 2'MethyI-3-oxo-butanal 

I 

Cll, 

2 1 3e C’ C and COOH; C - C and -COOH 

The compounds are named an alkenoic and an alk\nt>ic acid respectively. 

(.’ CIl -C'OOll 3-Methyl-2-butenoic acid 
a It 

C C— t'H,— COOH 3-Hexynoic acid. 

2.1. .If C O and —COOH; —OH and -XTOOH 
The caiboxyl group takes precedence as the prtns'ipa! function group. 
The — OIT (hydroxyl) and C O ( 0 x 0 ) groups are used as substituents, 
along with the number to indicate their positions. 

O 

r 

HjC — CHj— C — O h — COOH 2-Mclhyl-t-oxopentanoic acid 

1 

CII9 

H.,C— CHg — C'H -Cn,— COOH 3-Hydroxypcntanoic acid 

1 

OH 

2 1.3 g —OH and — CN ; ( != O and — CN 

The cyano group takes preference and its carbon atom is numbeicd I. 
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HO— CH,~CH,-^Hs--<?N 


4>f]ydroxybut8aenitriie 


O 

fi ( 3 a 1 

HjC-C— C! { =»CH— CN 


4-Oxo-2*pcntenonitrllc 


2.1.4 Compounds Contnining Tno Chains 

Certain compounds consist of two chains, i.e. a substituent att.icbcd to the 
main chain contains a numerical pretix. In such cases the name of the sub- 
stituent is constructed using lUPAC nomenclature and this is enclosed 
vsithin parentheses to separate the numbering of the substituent and the 
main carbon chain. The following typical examples will illustrate this 
pi'int. 


CH — CHj— C#1j — C's-H 


4-(N-Hydroxvlamino)-4 
Phenylbutinoic acid 



2-(3-()xohutyl) tvclohesanone 


t HjCHj—S— trills- -CU—* H, 2-Melhyl-l-(clhylthio) propane 

CH, 


CUj—i H— <* H— < H — CH ( 1 2-(2-ChUnocthyO-l,3-butanedioi 

I il 

OH CH,OH 


\sarF-/, 


I- » V'- 


IJ. 


4, <i-i)ibtomo-2-(2«propynyli aniline 



l-(3-Bulenyl) 

cyclohexcnc 
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2.2 HOMOLOGOUS SERIES 

In a series of a family of compounds containing the same functional group, 
all the members display similar chemical piopeities Each member differs 
from the other by a methylene ( — CHj) group and is tlcscribcd bj a general 
formula, such a series is called a homologous scru's (fiom the Greek, Aomos, 
the same and /ogos, proportion) and the individual member is icferred to as 
homologue. I Xtunples of homologous senes with their trivial and lUPAt 
names arc given in I able 2.3. 


Table 2*3 Homologous Series 


1 orrnuh 

T 1 ivial Name 

ILPAC Name 

Atkenes or Parafhn ll>drocarbon8, Geaenit Formula ^ 

C M. 

Methane 

lUPAC names same as iht 



tfivi il 1 aniGS 

(If, Cl', 

la ham 


( n,rn Of 

l»ropdrc 


i \{,t(H ) Ul, 

lUiuinL 


( H,(Clt l.< H, 

Pentane 


tHj<( Hfi.CII, 

lU\anc 


CH ({ K 

Heptane 


( 11, (< H,l,( H, 

Ocidite 


i H t( H, 

Nonane 


< n,(( H 

I3ecanc 


I 

UndccaiK 


( M,(( 11,., „( 11, 

i >oJcwat 


CK,(( n,t„( H. 

1 ritkwanc 


i M,(( 11,1, ( 11, 

JetiailLt.anc 


civ( It. 

Pen ta decant. 


CH,(CH,i,«<H, 

j jcosai L 


C 11, (t 11 ),„( M, 

1 nawOiUanv 


CH,(CH^i,tH, 

lUiavontaUL 


\lkciicv or Olvfliis, CfCncral l^ormola ( nW 2 tt 


H,C ill, 

1 th^lene 

\ ihsii ” 

(H(H, 

I^Gp\Knc 

Propel iL 

h'c ( IK 11/ 11, 

ti HutNienc 

] -Buleac 

h‘< (II(flI,t/H, 

n Pent>lcnc 

I 1 ‘erne PC 

11/ 

ti Hcwlenc 

1 -Hc\cnL 

Alkyncs or Acetylenes 

General torwula Ca*,n . 


HC *<H 

Avctvlenc 

1 ihsni. 

HC -•( ( HT, 

Mcth\licct\kac 

V'Ops no 

H/'C --eCeft. 

nimclhvlacclvlenc 

2-Hut) nc 


{Could ) 
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Formula 

lri\ial Name 

IDPAC Name 

4 . 

Alkyl Halides, General Formula X or RX, 

where X O, Br. I. P 


CH3CI 

Nfethyl Chloride 

Chloromethane 


CHjCHjCl 

I th>I Chloride 

C hloroethane 


CH*(Ct^)jCI 

Propyl C hloiidc 

C hloropropano 


CHa(CH,)sCl 

Butyl Chloride 

Ohlorobutanc 



Pentyl Chloride 

t^'hloropcntanc 

5. 

AicoholSy General Formula OH or ROH 



CH3OH 

Methyl alcohol 

Vtcthanol 


CHjCHjOH 

1 thy I alcohol 

1 thanol 


rH,(Cl4)aOH 

Propyl alcohol 

Piopanol 


CH (CHj),OH 

Butyl alcohol 

Butanol 


CH,(CHi5>aOH 

Pentyl alcohol 

Pentanoi 

6 

Ethera, General Formula KOR(R') 



CH3OCH3 

Dimethyl ether 

Met ho\y methane 


CH3OCH3CH3 

Ethvl methyl ether 

Methowcibane 


C H3CH3OCH3CH, 

Dicthvl ether 

Ethoxycthanc 

7. 

Tbioh (mercapCans), General Formnla C^lf2n, « SH or RSH 


CI^SH 

Mbthancthiol 

Methyl mcrcaptai 


CHjCHjSH 

1 thancthiol 

i ihyl mercaptan 


CHjK 

Propancthiol 

Propyl mercaptan 



Butancthiol 

Butyl mercaiptan 


8. Aidehydet, General FcMriuula or RCIfO 


HCHO 

1 01 m ddch\dc 

Methan il 

CIL^CHO 

Xtctaldch^dc 

i thanal 

CH,< H^CHO 

Propionaldch\dc 

Piopaiul 

t HjtC 

Bu(>rdldcli%dc 

Butanal 

ciyt ii,),ci«) 

V aUraldehvde 

F’cntaual 

Clt^CH^j.CHO 

< apioaldehydc 

Hexanal 

CH,|C 

1 nanthaldeh /dc 

Kept anal 


R 



\ 


9. Ketones, GenernI Pomttia 

c 0 



/ 



(R'l R 


() 

II 



CHjCXH, 

Acetone 

Propanone 

0 



li 



CH,CCH,CH, 

Methyl ethyl ketone 

2-BuCanone 


(Cantd,) 
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\ onuuld 

Trivial Name 

IbPAC Name 

O 



< ir3< HiCCH/ 

o 

II 

Dieth>l ketone 

^ Pentanone 


MethvI prop>l ketone 

2*Pentanone 

10 Carboxylic Acids, General 

Formula COOH 

or RCOOH 

IK OOH 

Formic acid 

Methanoic acid 

rH,CO(MI 

Acetic aetd 

Fthanoic acid 

< ir,CIfgtO(>H 

Propionic sic id 

Piopanoic acid 

t H,(Clt,),C <JOH 

But\nc acid 

ButanOic acid 

CHjK. IIjijCOOH 

V'dlcric acid 

Pcntanoic acid 

C H,/C 

Caproic acid 

O 

Hexanoic acid 

11 Uid \nb>drjdc$, General Formula (RC — ; O 
() 

II 

< Kr- < 

\ 


i) 

/ 

llgl — i 

1 

o 

o 

c U CH/ 

\ 

\cctic anhvdnde 


o 

/ 

( 11,01/ 

o 

Piopiomc anhydriiic 

O 

11 


12. Acid Chlorides, General Formula KC('I 

O 

il 


HCCI 

r orm> I Chloride 

Mclhano\l Chlondv 


{ CoJifJ ) 
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Formula Trivial Name IIJPAC' Name 


o 

li 

CH3CCI 

Acci>! Chloraic 

l-ih»ino>l Chloride 

0 

CHjCHjCCl 

Propionyl Chloride 

Propaiiovl Chloride 

0 

If 

CU/'HXHaC’f 1 

Uut\ r> 1 C'hloridc 

Hutanovl Chloiidc 

Amldctf. General Formola 

0 

RCNHg 


0 

HCNH^ 

Forniam ide 

Mclhanamido 

() 

li 

Acetamide 

Fithanamide 

0 

Propionamidc 

ProiunanuJc 

0 

CHgK HwjC Mi, 

Buivramjdo 

Hutananiidc 

0 

Esters, General FcmtiquIu KCOR (R') 


0 

11 

Ht'OClIa 

Mclh>l formate 

Mclh>I mclhanoatc 

0 

Ch/oC'Hj 

Mcih>I acetate 

Mcth>l ethanoatc 

0 

1 

CHaCHaCOC'll^ 

Methyl propionate 

Methyl propanoalc 

0 

11 


j 

li 

CHa{ClIa;,COCH, 

Methyl butyrate 

Meth>i butanuate 

0 

} 

CHa(t;iV,COClf3 

Methyl valerate 

Methyl pentanoate 


{Contd ) 
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Formula 


Trivial Name lUPAC Name 


J5. 


Amioes, General Fomula 

C H3NH0 

CH3C 

CH,« 


CnH^n^ MI^orRNH^ 
Methylamine 
f th>lamipc 
Prop> lam me 
Jlutylatnine 


16 Alkjl Cyanides or NitriUs^ General Formula CnH^^^i'CN or RCN 
HCN U>tjrogcn c>anidi^ I ormoniink 

CHjCN Mel hyJ cyanide Acetonitnie 

1 H^CHjC N Ethyl cyanide Propionitrilc 


17. 


Nitioatkanes, General Formula NO^ or RNO^ 


i HgM)^ 

i H^NO^ 

( H,(OC 
cir,(Cfijj^No, 
t li^(f K )jN() 


NUromuihant 

NiirtKiham 

Niiropropanc 

Nilrobutanc 

Viliopcntanc 


18 AUcytic Hydrocarbouit (>eneial Formula 


i U 


(I 



i \clopiop»irc 


<*H. 

I' «Ii,. 



( \cl4)hutaitc 


C yclopcnlaiic 



In the above 1 hWc tht t\pic»>ion C„H^h.i has also been represented by the 
synjbol R It is obviCi' that a homologous senes is characterized by a 
general inoleciilur ft>rnju la, dillctente of CH, between successive hoinologues 
and similarity lu chemital behavior 
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QUESTIONS 

2 I rite lUPAC names for the foilowinj' structures 
a HaC=rCHCHjCHa<:’ CH 
b. H 3 CCH Cir CHCHj 



O Cli. 

y 

c. CH^CHCH^CN 

1 \ 

CUa CH, 

O 

f. ClfsCC 1 

g. CHxC* CCH^CHCH^^C'H, 
b. Cfr,--CliClf,OH 

0 

1 

I. CHj-'-CKClfaCCH, 

j. HOCH,CH,OH 

k. (CHa)8C— CHCHO 

O 

l. NH,CH,CHaCOCH, 

TO. CCf* 
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n. CH.CH-^CCOOCalfe 

Cffa 

o. H^NCOCHgCHCHCONH, 

I I 

C’l Cl 

p. Ha<^:=CIICHeBr 

CONHj 

I 

q. CHgCHaCHCHjCHaCOCI 

O CHg 
! 

r. llCCIfjCCOOCaH, 

I 

C Ha 

s. CHCliO 

I 

CN 



O Cl 

V/ 

1 

u. (HaCHCHaCOOH 



X. HOOC'CljgCHsCN 

O <» 

11 

y. CH,CCH,CCH, 
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/. HjCCisCCHjCHeCHjCHjOH 

I 

CH, 

2.2 Write the structures as well as the correct names for the following 
compounds : 

a. 3-Pcntyn-l-cne 

h. 2-AllylbutanaI 

c. 3-Chloro-l, 3*biitadicnc 

d. 5-Lthyl*3-methyIhcptanc 

e. 3- Butene 

f. 3, 3-Dtmcthyl-l-piopyMe 

g. 1, 3-Pcntyne 

h. Vmylaceiic acid 

i. .1-0x0- 7 -tH'tanol 

j. Hex-?-en-6.ol 

k. 3-Buten-l-yne 

l. 2-Metb>l propyl ethanoatc 

2.3 Define a functional group. Name some such groups containing an 
oxygen atom. 

2.4 State the nilcs for lUPAC system of m>menclature of organic com- 
pounds with suitable e.xamples. 

2.5 Write structural formula for the following compounds : 

a. 3, 4, 4-Trimethylheprai.e 

b. 3, 5-Octadienc 

c. 2-Mcthyl-2-penten-l-ol 



3 

Factors Affecting Acid Base Strengths 


I he properties of i molecule are afteued by its structure I hu could happen 
either by the introduction <'f certain substituents or b\ the nature of the 
carbon chain linkvd to the tuiKlional jtroup. These cllects are olten describ- 
ed in terms of icson imc inductiVv stern, and related electron shift-, and 
the results are corrclitcd with the expciimcnt il obscrsations. \fter a brief 
review of ,iads '"d bases, s trious fac*OI^ v ill h discuss- d which mflucnci* 
the acid base strengths of oig inic raulecuK''. 

1 1 AC IDS AND BASES 

M iny organic compounds behave as acids and bases. Several theoiies have 
been advanced to desciibc them. 

3 I.I The Arrhenius Concept 

An aud was defined is a substance which provides h' drogen ions on disso- 
ciation likewise, substinecs that yield hvdioxyl ions bv dissociition ire 
ctassihcd as bases One equivaLnt of an acid neutralizes one that of abise 
and ihe piocess is called neutraltzutum This dchnitiiui, how-ever, is hmit..d 
m Its scope because compounds like amnioni i, psndme, aniline, etc . also 
boh i\c .is bases though they aie unable to vield hydrowl tons 

3 12 The Bronsted-Lowry Concept 

These workers independently defined an acid as a substince that can denote 
a proton and a bast as that which can ucept a proton The >trength of an 
acid Is thus Its tendency to dv'n itc a pioion and the strength of a base is Us 
tendency to accept a proton or the availability of an unshared Piiii of elec- 
tions for donation 1 hts led to the concept of a conjugate acid-basc pair, 
lor instance, hydrogen chloride is the coiij 'itc acid for the base (Cl ~) 
which in turn is the lonjugatc b.'sc for the icd hydrogen chioride Water 
and the hydronium ion (H,0' ) i c prulonatcd water molecule have a similar 
relationship as the latter can also serve as a proton donor aud is, theieforc, 
a Bronsted acid. * 

H(1 + HOH ^ tl" \ H,0<- 

ll’ioton il*roton (Hvdionium 

donor) avicpiori ion) 
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CHsCOOH NHg «i!> CHjCOO- 4 

(Proton donor) (Proton (Actrtate ion) 

acceptor) 


NHg+ 

(Ammonium 

ion) 


HgSOg 

(Proton 

donor) 


f CFfgOH 
( Proton 
acceptor) 


HSO*- -I CffsOKg+ 

(Bisulfatc 

lOn) 


Accordingly, the stronger an acid, the weaker is its conjugate base; the 
stronger the base, the weaker is its conjugate acid. It thus follows that the 
equilibrium in any neutralisation reaction would lie on the side of the 
weaker acid and b.isc. A mineral acid is classified as a strong acid because 
its conjugate ba.se has a low tendency to bold onto a proton. 


3.1.3 'fhe Lewis Concept 

Lewis observed that certain compounds, though did not possess a hydrogen 
atom, still had acidic properties. He, therefore, proposed an extended view 
of acids. Accordingly an acid may be defined as any substance that is cap- 
able of accepting an electron pair. A base, on the other hand, is a substance 
that can donate an electron pair. Compounds like .AICI,, l-eCI,, Snt’lg, SOj, 
BFa, POCI3, Ag"^, etc. function as Lewis acids. A neutralization reaction in 
Lewis terminology will be described as follows : 

H3N: + BF3 HjN*- - Bb,- 

In boron tri&uoride, the boron atom has already used its three L-shell elec- 
trons to form a covalent bond (sp* hybridized). Since this shell has four 
orbitals, a remaining fourth orbital is unoccupied in boron. This orbital 
thus accepts a pair of electrons from ammonia and can thus enter into bond 
formation. In addition, species that usually arc not considered as acids, 
such as silver ions, arc acids according to the Lewis definition because they 
can accept electrons. Silver ions, thus, can accept electrons when they react 
with ammonia. 


Ag+ + 2 NH 3 Ag(Nir 3 ) 3 + 

Though the definition of an acid differs in the Brdnsted-Lowry and Lewis 
concepts, the description of a base is similar. Thus 


NH, 




OH-, NHj-, CH3NH,, 


etc. are bases according to both the concepts. 

A reagent that is electron-deficient is termed an electrophile (or electron 
seeking) e.g. BFg, SO„ NOj+, C1+, Br^, etc., arc electrophiles. A nucleophile 
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(nucleus seeking) is any reagent that has excess electrons, for example, 

n: oh- och*-. h,o, nh,. cn , nh^- 


etc. arc nucleophiles. In general, any anion is a nucleophile in varying 
degrees of nucleophilic strength 

3.2 IONIZATION CONSTANT 

The strength of an acid is determined in terms of its ionization constant or 
dissociation constant, A'a and for the dissociation of an acid HA, it is ex- 
pressed by equation (3.1). The species are enclosed in square brackets to 
denote their molar concentrations. 


HA ^ H*- i A 


A, 


[W][±-] 

[HAj 


(3.1) 


Note that Aa IS a unifless quantity. The value of A'* rcfeis to the extent of 
proton donation 1 he larger the numerical value of Kj, the stronger the 
acid 

Since the ionization constant of different acids vary by many powers of 
ten, it is easy to bundle them in a more convenient way, i.e by using the 
negative log.'irithm of the dissociation constant, as expressed below: 


pK„ — log Aa 

The pKa of an .tcid is, in effect, the pH of an a queous solution in which 
the acid is half-ioni/cd The pK„ of acetic acid is 4. 7o which is a more 
convenient expression than the ionization constant, 1.75 v Iff-*. The 
pKt, for a base can similarly be determined, and can then be converted 
into pK„ if necessary by using equation (3.2). 

pK, \ pAh 14 (3.2) 

The stronger an acid, the lesser is its pK^ value and the stronger a base, the 
greater is its pKa. The following values demonstrate this point: 

Acid H,()— CjHftOH— C,HjCOOH— CHaCOOH 

11 10 •• «.70 

In this series as the krength of the acid increases, the pAa progressively de- 
creases. The concentration of hydrogen ions is expressed in terms of pH, as 
defined by equation (3.3). 
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pH -- - log IH+] = log ^ (3.3) 

The magnitude of pH is a measure of the acidity of dilute aqueous solutions 
of acids but cannot be used to characterise the acidity of concentrated acids 
accurately. The Hammett acidity function Hq has been proposed as an ex- 
tension of the pH scale for concentrated acids. Its discussion is beyond the 
scope of this work. 

In the following pages we will discuss the various factors that arc ics- 
ponsibic for the acidity and basicity of organic compounds 

33 HESONANf K 

In many cases it is not possible to describe the electronic structure of u 
species adequately with a single Lewis structure. Oonsi Icr, for example, 
the carbonate Ion (COj"). The I ewis >trueturc. in whith the position of 

O 

•o / 

O.: t • - O-C 

\ 

:0:- O- 

Flcctromc stnictuie lewis strusiurc 

the electrons is fixed, shows that there are two C — O single bonds anu one 
C O double bond. It has cxperimenfally been determined that the throe 
carbon— oxygen bond lengths in carbonate ion arc equal and the bond dis- 
tance is equal to I 28 A. Two more structures, in fact can be written for 
the carbonate ion as shown below . 


O- 

o c 

\ 

o- 


o 

\ 

o- 


o 

/ 

-0—C’ 

\ 

() 


Such Structures which differ in the arrangement of electrons only arc 
called resonance structures and this phenomenon is known us resmmee. 
A resonance hybrid Is a true structure composed of all the possible ciintri- 
buting structures. Resonance is always a stabilizing factor. 

I'he carbonate ion has the following hybrid structure : 
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A resonance hybrid is more stable, i.c. it has a lower internal energy than 
any of its contributing structures. The resonance structures are represented 
by means of a double headed arrow (•« — ►) and each structure is said to con- 
tribute to the resonance hybrid. A resonance structure is written by shifting 
the positions of electrons; in reality no such movement of electrons takes 
place, the different structures arc only arbitrary. 

Delocalisation or the shift of electrons in a molecule always decreases 
the energy and enhances its stability. The rcjon«//cet'nerg>’ is thus a measure 
of the stability of a system, and it is described as the difference between the 
actual energy of the resonance hybrid and the energy of the most stable con- 
tributing structure. The resonance energy is determined indirectly by taking 
an appropriate model compound that is available and which, we have 
reason to believe, approximates the required compound. A most appropri- 
ate model for ben/enc is eyclohexenc and the frequently used method for 
the determination of resonance energy is hydrogenation of this compound. 
Thus, if eyclohexenc is reduced catalytically, the heat of hydrogenation is 
28.6 Kcal'mole. 



Similarly for hen^cnc the heat of hydrogenation equals 49.6 Kcal/mole. It 



may now be argued that benzene should evolve three times the amount of 
heat of hydrogenation compared to eyclohexenc, i.e. 3 < 28.6 or 85.8 Kcal ' 
mole. But the experimentally determined value is 49.8 Kcal/mole. Therefore, 
the difference of 36 Kcal/mole is attributable to the extra stability in the 
benzene molecule due to resonance. This can be schematically be described 
on a diagram (Fig. 3.1). 

Table 3.1 Resemnee Kaergy (Kcal/noie) of some Organtc Moiecules 


Jkn/cne 

36 

Naphthalene 

16 

Anthracene 

83.5 

C>c1()oci sitet raene 

4.8 

Tiilvcne 

11,0 

K 3-Butadienc 

3.5 
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Fig. 3.1 Kstimation of the Resonance T iicrgy of Bcnrcnc Molctulc 


Rcsonanci. energies for some >imple molecules arc recorded in Table .3.1, 


The following rules may be noted wjtilc attempting to write resonance 
structures for a compound. 

1. For resonance structures to be writtcr the molecule .should be 
planar and possess an alternating system of .single and double bonds, such 
as in benzene and naphthalene. Cyclooctatetracnc, on the other hand, is 
non-planar and ptissesscs a low resonance energy. 

2. The relative positions atomic nuclei in the contributing structures 
should remain unchanged. Nitryl chloride (NOjCl) has the following two 
resonance structures : 


o- 

Cl-N 




but the following two structures for acctoacetic c.ster arc no longer resonance 
Structures because the position of the hydrogen atom has been changed. 
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O OH 

II i 

CHaCCH.COOCjHt :;zzr CH,C-.CHCOOC,Hj 

They instead represent two different molecules and the relationship between 
the keto and enol forms is known as keto-enol tautomerism. 

3. Only structures of the lowest energies contribute significantly to 
resonance. 



This applies to structures that involve charge separation, as charged 
structures, having higher energies, contribute insignificantlv to the resonance 
hybrid. For benzene, the last two charged structures make little contribu- 
tion to resonance. 

4. The resonating part of the molecule should be planar, i.e. all atoms 
should lie in a plane for the purpose of writing its resonance structures. 

5. Resonance striicture.s that carry a negative charge comparativtK on 
a more electronegative atom arc more stable than those in »hich the charge 
is located on a less electronegative atom. Thus, between propcnal and 1, 3- 
butadicnc, the Utter has a lower resonance energy because the negative 

o Q:. 

cu. -c\\ (f *CH,-cn 

\ \ 

If H 

CHj-CH-CH CTfj ► +CHj— CH-CH-CH,- 

charge is U«catcd on the carbon atom compared Ut oxygen iu propcnal. 

The effect of resonance or delocalisation of electrons in a molecule on 
the acidity and basicity of molecules will be evident from the folluwtng 
examples. 

Both phenol and ethanol contain — OH g up and thus would be ex- 
pected to be acidic. Indeed both arc acidic, phenol reacts with strong bases 
(NaOH) while alcohol forms suits with electropositive metals (Na)oniy. 
But phenol (Ka=10~^**) is much more acidic than alcohol (Ka -10-^). 
This difference inheidity is explained by considering the fact the pbenoxidc 
ion is stabilized by resonance, while cthoxidel-OCsHglisnot. The different 
resonance structures for pbenoxidc ion may bo written as follows : 
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The acidic nature of phenol is reflected by its common name carbolic acid. 
Thus it may be concluded that if the ion is stabilized by resonance than 
the parent compound is acidic. Although phenol is more acidic than alcohol 
it is less so than carboxj lie acids {Ka 1 0* •) : This is the reason why phenol 
docs not react with sodium carbonate or sodium bicarbonate. 1 he acid 
strengths of phenols can be enhanced by the prcbcncc of electron-with- 
drawing sub^titucnt^ such as NOj at the ortho- and />ttro-positions of the 
ring. An electron-withdrawing group asistN in dispeisiiig the negative charge 
of the phenoxide ion by resonance and thus stabilizes the anion 

Picric acid (2, 4, 6-trinitrophcnol) is comparable in strength (Ka - 1) 
to inorganic acids. Electron-donating groups, on the other hand, tend to 
decrease acidity. 

Cyclopentadiene contains an acidic hydrogen as the cyclopcntadiciiyl 
anion is .stabilized by resonance. 



An interesting examph of an acidic compound is squarie acid which is 
highly acidic - 10-’) and is comparable in strength to sulfutic acid. 



Resonance stabilization of the ion explains its high acidity. 

The basicity of organic molecules is similarly influenced by resonance. 
Aniline (AT* = 5.4 x lO-**) is less basic than ammonia (AT* *=. 2x10“*) 
because the electron pair on the nitrogen atom in aniline is less available 
for donation due to resonance with the ring. 
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In Lewis terminology the capacity of electron donation determines the basi- 
city of a molecule. Alternatively it may be argued that the basicity of ani- 
line is low because the anilium ion or the conjugate acid is not stabilized by 
resonance. On the other hand, guanidine is highly basic because the proto- 
nated amine is stabilized by resonance. 



Guanidine is among the strongest organic bases known. In general, aromatic 
amines aie much less weaker than aliphatic amines and ammonia. 

Fni the same reason the basicity of the folU'wing amines incrca.scs in 
the order : 

NF3<NCl,<NIJr3< NI3. 

Iodine is the least and fluoiine is the most eicctumcgativc in the halogen 
scries 


.14 INDUCTIVE EFFECT 

Besulss conjugatii'n or resonance, there is an additional way for the trans- 
misNion of electrons. This is dsme m the classical sense via the inductive 
effect in which the clectricaUeffects arc propagated in a chain by successive 
polarization of carbon-carbon e-bonds. This happens when electron donat- 
ing or withdrawing groups arc attached to tlic chain. The conc'pt can be 
easily understood by an example. Consider, acetic and chlomacelic acids of 
which the latter is a stronger acid. The higher acidity of chloroacetic acid 
is attributable to inductive effect. The chlorine atom on chloroacetic acid 

CHjCOOll ClCHaCOOH HCOOH 

Ka 17S<10''- 1.4\10-3 2l4.<10-* 



by pulling electrons towards Itself due to its high electronegativity as shown 
above. The electrons arc shifted closer to the oxygen atom in chloroacetic 
acids, thus weakening the O — H bond and making the proton easily remova- 
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ble. The chlorine atom has thus affected the acidity of chlotoacetic acid by 
creating an electron deficient^ at the carboxyl carbon atom. Between acetic 
and formic acids, the former is still weaker because the methyl group in acetic 
acid is a better electron-releasing group than hydrogen in formic acid. luducti* 
velv an electron-withdrawing group, thus, has an acid strengthening effect 
and an electron-donating group, an acid weakening effect. 

The larger the electron-withdrawing inductive effect, the greater is the 
acidity. As a result fluoroacetic acid is stronger than bromoacetic acid, be- 
cause fluorine is considerably more electronegative than bromine. 

FCH,COOH BrCHjCOOH 

A'a-2!xl0-» 1.85x10-* 

Moreover, the inductive effect is additive and among the chloroacetic acids, 
trichloroacetic acid is the strongest because of the presence of three chloro- 
groups. 


CljCCOOH CljCHCOOH ClCH,COOH 
Ka = 2.24x 10-‘ 5.02V. |0-^ I 4x 10-» 

Since this effect is tr nsmitted along a chain, the effect falls off with 
di-tmee, as is evident from the loniration eon.stants of the following acids. 
The acid in which the chlorine atom is closer to the carboxyl group is 
stronger because it can pull the electrons more effectively. 

ClCHjCOOH UCHjCHjCOOH ClCHjClljCH,COOH 
Afl- 15x10-* 8.12x10-* 3 02x10-* 

The acidity of phenols and aromatic carboxylic acids is alsomodiflcd by 
inductive clfect.s, the electron-donating groups decreasing and the electron- 
withdrawing groups increasing the acidity. This effect thus operates in a 
similar manner to resonance in aromatic compounds. 



The inductive effect works in an opposite direction for bases in comparisem 
to acids i.c. electron-donating groups increase while electron-withdrawing 
groups decrease basicity. Mcthylaminc, for example, is more basic than 
ammonm because of the electron donating mctnyl group which increases 
the electron density on the nitrogen atom. On the basis of inductive effect 
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alone, the basicity of amines may be interpreted as McjN>MegNH> 
MeNFfj>NH, because trimethylamine has three electron-donating methyl 
groups and the others have correspondingly less number of methyl groups. 
This order is, however, incorrect because besides the structural effects, the 
solvent, by solvation of an ion may also influence aci«lity or basicity. 
Solvation by the solvent surrounding an ion has an important stabilization 
effect. A solvent, depending on its polarity can orient around (lie ion to 
form clusters and thus stabilize it. But if large groups are present on the 
amine, they can cause reduced solvation and resultant destabilization of 
the ion. The large groups prevent the approach of the solvent to the ion 
because of steric effects. Such effects also have noticeable influence on the 
ionization constants of both acids and bases. The basicity order of the 
above amines thus decreases in the order: Me 2 NH>McNHj>MejN>NH,, 
i.e. MojN IS a weaker base than cither MCsNII or MeNH^ due to stcric 
effects. In trimethyl.iminc, the three methyl groups cau'-f hindrance to the 
solvation of the ion. nitClron-withdr.iwing groups, on the other hand, lend 
to decrease the basicity; this is obvious from the following seiies of 
amines. In o iciuoromcthylainines the — CCI3 group is situated nearer to 
tlie amino group and withdraws electrons more elJiciently thus decreases its 

CCIsCCHjhNH, CCl3fCH5i),NH, CCljClLNlU 

basicity Base strength also decreases with increasing electronegativity of the 
atom bearing extra electron pair. This is due to the fact that elements of higher 
electronegativity attract the unshared electron pair closely to themselves 
making them less available for bonding. For this reason methyl akohol i- 
a weaker base than methylamine 

CIlsNlIj * ir,0 > CIfsMl+3 Oil- 

Aft -= ‘(.4x 10 * 

CII 3 OH -bHiO > No appreciable reaction. 

3.5 HYBRIDIZATION EFFECTS 

Hybridiz.ation effects alter basicity as they effect electrouegativily and bond 
lengths. An oxygen or nitrogen atom having multiple bonding is rendered 
less basic. This may be explained by comparing the basicity of methylamine 
and pyridine. In the aliphatic amine, the iv>n-bondmg pair of electrons is 
in an jp* orbital while in a compound containing a double bonded nitrogen. 



Aft - 4.31 X I0-* A* - 1 ,7x 10-» 
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it is an ip* orbital. The electrons in an s orbital are more firmly bonded than 
in a p orbital because the former are closer to the nucleus. Since the amount 
of j character increases with unsaturation, the electrons in pyridine (jp* 
hybridized) are more tightly bound and arc not easily available for bonding. 

/HaN\ \ 

Thus pyridine is less basic than methylamine, Guanidinc^^^ N/ ^ / 

m contrast, is a strong base because of resonance of the protonaied base. 


QUESTIONS 

3.1 (a) Would BrCHCHjCOOIl be a strongci acid than 


BrCHjCHjCOOH ? Why ? 

(b) Why is the compound (CFj) 3 N virtually non-basic ? 

3.2 (a) Write the following in the increasing order t'f acid stiengtlr 

O 

li 

OCl,COOH. Ml., HCOOH,Cll,COOH, Clf,('Nll„.('FsCOOIl 

(b) Write the following in the decreasing order of base strength’ 

QHj.NHj, OH- NH,-. NH., .(CH.d^N, C’HsOH.CH^NH . 

Give rca-ions for your answer in both cases 
3 3 Write short notes on the following: 

Solvation, resonance energy, elect lophiles, nuclcc>philcs, 1 cwis acids, 
t.tutomcrism and icsonance hybrid. 

.t.4 2, 4, d-Tiinitrotoluenc is a lelativciy acidic compound. LvpKiin why 
the proton is easily removed fiom the methyl gtoup ? 

3.5 (a) Slate the Lewis concept .if acids and bases. 

(b) Can a proton (H’^) be rcgaided as an acid accoidingto Bronsted 
and Lewis definitions ? 

3 .6 (a) The heat of hydrogenatiiti, of 1-butene is 30.3 Kcal mole and that 

of 1, 3-butadiene is 57.1 Kcal/molc. Calculate the resonance eneigy 
of I, 3-butadicne. 

(b) Can 2-butene be chosen as a model instead of 1 -butene in the 
above case ? 

3.7 Classify the following into Lewis acids, bases or neither: 

KF, BF„ HC -=■ CH, NO,+, CHjCN, H,0. tlH.OH, C,H„ Ag+, 

S0CI4, 1-. 
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3 8 What do you understand by electrophilic and nucleophilic reagents ? 
Give examples of each 

3 9 Aiiangc the following m decreasing oidii of acidity 

phenol, p-cresol and p-niiiophenol (mvc icasons foi your answer. 
3.10 Lxplain the impoitant principles of the concept of resonance Discuss 
the application of resonance to (a) structure of benzene, (b) stabilit> 
ofphcnjlmcthyl ladical, and (c) coloi of triphen>lincthanc dyes 
3 11 1 1 illuorcthanol is 1000 times moie acidic than ethanol. Lxplain. 

3 12 Neithci pure H^SOi not HCIO* conduct an electric cuirenl Lxplain. 

3 13 (a) Which is a stionger acid and why? 

('1CHJCH^M^C00I1, CH.ClljClKOOH, CH3CfI,CH,C(X)H, 

Cl 


ClljClR H>COOH 

I 

(1 

(b) Which H a stronger bas.. and why ? 

CH4NH,, NH,. ( ll.CHjClI.Ml,, Cli,CH.Ml, 

1 14 Wiitc ic oname stiuctuics foi the following molecules 



CM, CIKN ind CH -("H--CT1--C1IO 

3 Is Write an exprestion foi the asidits constant (Aw) of Ltn/oic acid 
and show that pAo is cqaal to the pH of a half-ioni/cd aquous 
solution 
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Stereoisomerism 


The chemical investigjtion of oiganic molecules requires a knowledge of 
the strength of bonds. An additional important aspect t»f such a study is the 
detailed structure of molecules and stereochemistry concerns itself with then 
three dimensional geometry, .^n undei standing of stereochemistry is one of 
the most powerful tools that a chemist can make use of to determine the 
course of a chemical reacti^m. The most stable tovaleiu bontis are foi nied 
with a preferred three dimensional orientation. A structural Jotmula for a 
compound conveys which atom is directly linked to which othci atom ft, 
however, tells nothing about the shape of the molecule but indisatcs the 
groups of elements piescnt which pioside clues to the properties of the 
substance. 

4.1 ISOMERISM 

Different compounds with the same molecular formula but different phjsi- 
cal and chemical properties are called isomers and the general phenomenon 
is known as isomerism. There aietwo types of isomerism, namely, sliuv-tural 
isomerism and stereoisonici ism C'omptiunds wh'vh posse.'-s the same mole- 
cular formula but differ in structure are structural isomers and the pheno- 
menon IS termed as structural isomerism, Thi> is furlhei sub-divided inti 
three types, namei> chain isonurism, in this t)pe the isomcrs differ in the 
variation of the carbon chum or skeleton of the molecule, for instance, 
butane and isobutaiie They ddfer m the structure of their carbon chains. 
n-Butane is unbranched while .a«-butane is branched. 

CH,CH,Ci I,C I fj CH,CHCH3 

<!’H, 

n-Butane i-w-Butanc 

If the molecules have the same molecular formula but differ in the type of 
the functional group present then it is known as functional group isomerism. 
Functional group isomers belong to dincre.it homologous series. A few 
examines of this type of isomerism are the following : 
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C,H,OH 

and 

CHjOCH, 

Ethyl alcohol 


Dimethyl ether 



O 

CHsCHjCOOH 

and 

CHaCOCH:^ 

Propionic acid 


Methyl acetate 


In positional isomerism, the isomers differ in the attachment of the functional 
group to the chain in diiferent positions. This is illustrated by the following 
examples. 


CHaCH,CH,OH and 


Propyl alcohol 


CHaCHCHa 

I 

OH 

ijw-propy’ alcohol 


CHaCHaCHaCHaCl and 


But\l chlondc 


CHaCHjCHCHa 

1 

Cl 

yre- Butyl chU>ridc 


The second type of isomerism called stereoisomerism is concerned with 
the arrangement of atoms of a molecule m space. They arc not structural 
isomers. This is classified into two types, i.e. optical and geometric isomerism. 
In these types, the molecules have the same molecular fotmola but differ in 
the spatial arrangement of groups, i.c. they differ in configuration. This will 
be discussed later in the chapter. 

4.2 CONFORMATION AND FREE ROTATION 
In a majority of molecules, the individual groups or atoms can take up 
different pONitions with respect to one another because of free rotation about 
the carbon-carbon single bond. Molecules which differ from each other only 
as a result of rotation about the C— C bond are called conformers. Confor- 
mation implies the actual three dimensional arrangement of the groups on 
one carbon with respect to those at tiic other carbon atom in the molecule. 
Obviously, an infinitely large number of .such conformers can exist, corres- 
ponding to different dcgrcci, of rotation about the C— C bond Confor- 
mational analysis is a study of the energy chat, v»s that occur in a molecule 
when groups rotate about single bonds. Generaliy, only three types are 
considered. Certain conformations of a molecule arc energetically more 
stable than the other. The first type, fully sta^ered conformation in which 
the bulky groups ait as far apart as possible is the most stable. 

The staggered and eclipsed (second type) in which the groups arc clo.sc 
together conformations of ethane are shown as sawhorse structures and 
below them are the ball and stick models of the same conformers. 
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Ball and Stick models of ethane 

1 he third type is the gauche or skew conformation m which tiic bulky gioups 
make a dihedral angle of 60'’. 

It was noted picvtously that in an hybndi/ed molecule the four bonds 
are directed at an angle of 109 28'' The three dimensional airangement for 
methane, for instance, is shown in which the solid linos indicate that these 



Methane (Dreiding model) A hall ind stick model 


Smart Biicgleb modkil 


bonds he in the plane of the paper, the solid wedge means that this bond is 
projecting out of the plane of the paper towards the reader and the dalhed 
line implies that this bond extends below the plane of the paper. These pic- 
tures are attempts to represent three dimensional mofecules in a two di- 
mensional plane. Two other types of models, namely the ball and stick and 
the Stuart'Briegleb models arc also shown. Fischer in 1891, proposed a 
type of projection formula for representing tetrahedral carbon atoms on 
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paper (i.e. as a two dimensional structure). According to this, the molecule 
is so oriented that the central carbon atom lies in the plane of the paper 
and the bonds on the right and left conventionally lie above while the other 
two (i.e vertical bonds) below the plane. Also, the most important func- 
tional group is placed at the top and the main chain of the molecule is verti- 
cal. This can be demonstrated by taking glyceraldehyde as an example. 

In another type of representation (Ib), the asymmetric carbon, i.e. the 
central carbon atom attached to four dincrcnt atoms or groups, is considered 
as a sphere, the CHO and the CH^OH groups he towards the backside of 
the sphere. The remaining groups li and OH are projecting forward. 



CHO 



CH2OH 

I 


CHO 



CM2OH 

1b 


In the Fischer formulation, structure (I), the molecule is projected in the 
shape of a plus sign. Fischer projection is easy to write but the principal 
drawback is that one has to keep in mind that it is a planar projection of a 
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three-dimensiooal figure. In order to convert one Fischer projection to 
anotlier identical structure, any two pairs of substituents need to be inter- 
changed. But if instead only one pair of group is interchanged, a projection 
of its enantiomer (Sec. 4.3) is obtained. For glyoeraldehydc, these conver- 
tions are formulated below : 



CHO 

i > H [ — CH2OH 

Ah 

IS 

(One Pair of Groups Interchanged^ 

Structures (I) and (II) arc identical while (1) and (111) are enantiomers of 
each other. Structures (III) and (Ilia) are similar. 

A Fischer projection fotmula may be rotated in the plane of the paper 
by 180® but not by 90° or 270". Moreover, the formula should not be lifted 
out of the plane of the paper (i.e. it should be rotated around a pivot) to 
convert it into an identical structure. This is illustrated again taking glyccr- 
aldehyde as an example : 
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M 


HOH^C— j — CHO S HOH^C 

OH \ 


CM2OM 


OH 

MO 


s H- 


-CHO 


OH 


VI 


(Rotated 90“) 


CHO 


H- 


CHO 


'CH 2 OH 3S HO- 


OH 


-H 


CH2OM 


VII 


VIII 


Structures (IV) ^V) arc enantiomers and (V), (VI), (VII) and (VIII) are 
all the same. 

i’or compounds containing two asymmctiic atoms, the Fischer projection 
is obtained in the usual way. The asymmetric carbon atom lies in the pro- 
jection plane and the horizontal groups pioject out and vertical substituents 
constituting the main chain of the molecule extend below the plane of the 
paper. It is customary to place the aldehyde group at the top and the carbinol 
group at the bottom as shown below in the case of threosc and erythrose. 



Erylhrove |x 



;mo 

IhjOH 
Thrwsf a 



The nomenclature for molecules of such structures is derived from sugars, 
i.c erythrose (IX) and threose (X) and arc named by using the prefixes 
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etythro and threo depending upon whether the two sets of substituents of 
identical or like composition arc situated on the same or opposite side, 
respectively. The Fischer projection for molecules of two asymmetric centres 
depicts the eclipsed conformation (view the molecule along the bonding line 
of the two carbon atomsV The substituents, however, tend to stay as far 
apart as possible; this is more clearly visualized by the perspective repre- 
Jt’rt/ar/o/ij [skew forms, (IXa) and (Xa)J. These two stiucturcs repiesent a 
pair of enantiomers 

A moie Useful and simple representation related to projection foimula 
is the Newman projection formula. 

In order to wiitc the Newman projection formula, tlietwo adjacent car- 
bon atoms arc ma iked tj and C\. The molecule is then viewed ahuig the 



Fischer Projection Perspective 


Bf Br 

Newman Projection Stoggcicd Form 




Cj-Cj axis, as is shown for meso-2, 3-dibromobutanc. C’aibon atom (nearer 
to the eye) is icpresented by a point and C\ (away from the eye) by a circle 
and the bond between C, and Cj is not seen. The three groups attached 
to Cj radiate as throe lines from the point and those at the periphery come 
from Cl- The groups are then written m the same clockwise order on each 
carbon atom. Following these instiuctions, structure (XII) is obtained for 
dibromobutanc. I-iora this stiuclurc it is clear that a rotation of 60® about 
the C-C axis converts this staggered form loan eclipsed stiuclurc. ThcjVew-' 
man projection formula is useful m representing the staggered conformation 



Threo Xlll 
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more vividly. Unlike the Fischer projection which is more difficult to visualizct 
the Newman projection can help decide more easily whether the conformation 
is three or erythro. The translation process of one notation into 
another is summed up in the following example of 2-bromobutanc-3-d. 




”3 


Conformations are the result of free rotation about the carbon-carbon 
single bond. In ethane, the barrier to lotation about the C — C bond called 
the torsional strain is very small (2.8 Kcal'molc), therefore, at rc»om 
temperature, the thermal energy is enough to make the rotation free. If 
one of the hydrogen atoms is replaced by another sivable group, the barrier 
increases. In moni>chloroethane, for instance, it amounts to 3.56 Kcal/mole, 
while in butane it rises to 5.5 Kcal/mole. In butane, the potential energy of 
the molecule varies with the angle of rotation with respect to the two 
methyl group:>. The shape of potential energy curve with regard to the 
angle of rotation is drawn in Fig, 4.1, In order to discuss the conformational 



Fig. 4, 1 Conformation Eneritv Barrier to Rotation about Carbon-Carbon 
Single Bond in Butane 
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analysis of butane. Let us rotate the molecule from its most stable 
conformation when the like groups are as far apart as possible, i.e. the 
fully staggered form which is known as the anti or trans conformation 
(XV). This conformer will have the lowest energy. Rotate by 60®, and a 
conformation (XVI) is obtained in which there are two H — CH 3 and one 
H — H interactions and the barrier to rotation is small and is of the order of 
3.5 Kcal/raole. This is an eclipsed conformation and comparatively less stable. 
Two more staggered conformations (XVII) and (XIX), arc obtained, in 



XV 


Kvi xva 


XVIU 


XU 


which the two methyl groups attached to carbons 2 and 3 make a dihedral 
angle of 60®. These are called or jkeiv forms and arc 0 8 Kcal/molc 
higher in energy than the anti form (XV). At room temperature, butane is 
often a mixture of 72% anti and 28% gauche conformation. The second 
eclipsed conformation (XVIII) has one CHj-— CH 3 and two H — H eclipsed 
interactions. This is a fully eclipsed form and is 5.S K.cal/roole less stable 
than (XV). 

4.3 OPTICAL ISOMERISM 

Pasteur, during his studie.s, noted that there were a number of organic com* 
pounds of similar structure which possessed the same physical and chemical 
properties but differed in the rotation of a beam of plane polarized light. 
Thus, there were two lactic acid.s which showed the same melting point (26®) 
but had an equal and opposite effect upon the plane polarized light. Such 
substances which are able to rotate the plane of polarized light, are said to be 
optically active. The basis for this type of isomerism was independently ex- 
plained in 1874 by H,Van*t Hoff (Nobel prize for Chemistry, 1901) of 
Netherlands and A. LeBel of France. They suggested that a regular tetra- 
hedron with four different groups at each corner exists in two forms tl^t 
are mirror images to one another. In other words, the optical activity w^s 
linked to the presence of an asymmetric carbon atom, i.e. one to which 
four different groups were attached. The term chiral center is preferred 
nowadays and compounds which are optically active are chiral. 
Chiral molecules must be asymmetric or dissymmetric. Subsequently, a 
large number of compounds were found to possess optical activity, some 
examples are as follows: 
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COOH H COOH CffO 

H OH HjC COOH H Oil H OH 

CH, NH, CH,COOH CH^OH 

Lactic acid Alanine Malic acid Glyceral- 

dehyde 

All these chiral compounds have two possible configurations, i.e. a particular 
arrangement of groups around the carbon atom in space and are mirror 
images of one another. On the other hand, the following compounds show 
no optical activity and are achiral. 

H H 

CH, CHjCOOH 

OH CH, 

3-Pcntanol 3-Methy1butanoic acid 

It is also inferred that they have only one configuration. A molecule becomes 
symmetric if it contains two identical groups. A cofTce cup, a cricket ball and 
a screw driver, etc. arc some familiar objects which are symmetric. 

Pasteur, in 1847, further showed that optical isomerism in a molecule 
occurs in pairs. When four different atoms or groups are attached to the 
same carbon atom, two different structural arrangements are possible which 
are noa>supcnmposable. Let us assume that the four groups arc a, b, c 
and d, comprising the molecule Cubed and the two resultant arrangements 
are the following: 





If a mirror is placed between them it is founa ,aat one molecule is the mirror 
image of the other and the tw<.» arc not superimposablc. One isomer rotates 
the plane of polarized light in one direction and the second in the oppi^isitc 
direction. These two types of two different molecules arc referred to as 
enantiomers. Enantiomers are also called optical isomers or optical anti- 
podes. The enantiomeric structures differ in the configuration of groups at 
one nsymmctric center only. The fact that enantiomers cannot be super- 
imposed on one another raises a question — in exactly what way do they 
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differ structaraiiy? The answer is thut the two isomers differ only in the 
relative directions in which the four groups on the central carbon project 
into space. We say they have opposite configurations. Thus, the essential 
feature for a molecule to exhibit optical activity is disymmetry, i.e. a pro- 
perty of non-superimposability of an object on its mirror image. It wilt be 
observed that in bringing any two groups in coincidence in an enantiomeric 
pair, the remaining two groups will always fail to coincide. The human 
hand, a glove and a measuring cup, etc., are all disymmetric. To classify 
the corresponding optically active isomers, the one which rotates the plane 
of polarized light to the right is known dextro rotatory and is designated 
(-f ) or </ and the one which rotates plane polarized light to the left is called 
fevo and designated ( - ) or /. 

The two optically active forms of glyceraldebyde are represented below: 

CHO CHO 

H OH HO H 

CHpH CH,OH 

15— (+ )*t» i>ceraldch>de L— ( - )-GlyceraIdchydc 

Both are known compounds. On the basis of these two compounds, scientists 
have developed the concept of configurational families. Any compound that 
has a configuration like that of (-{-)-glyceraldehyde and can be related to 
(+)*glyceraldehyde by known chemical reactions is said to belong to the 
D'famity (that is, the hydroxyl group is written to the right of the asym- 
metric carbon). The mirror image of any compound in the D-family belongs 
to the L-faraily (that is, the hydroxyl group is on the left). The capital 
letters D and L are simply family names and have nothing to do with the 
actual signs of rotation. The optical isomers are distinguished by a poiari- 
meter. 


4.3.1 Plane Polarized yght 

An ordinary beam of light (described as a wave motion) vibrates in all direc- 
tions. A plane polarized light is one which vibrates entirely in one direction. 
An ordinary beam of light can be converted into a beam of plane polarized 
light by a device called a polarizer. The polarizer blocks all the components 



Fig. 4,2 Ordinary light as End view of vibra- End view of 

wave motion tion in one plane vibrMions in many 

planes 
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of the beam except those waves that are polarized m one particular direction. 
The polarizer can be constructed from one of several materials such as cal- 
cite (a form of CaCOs), a nicol prism or a polaroid. The extent of rotation 
due to optical activity is measured by a polar imcti'r. In its simplest form, it 
is a long cylindrical tube containing various parts. A beam of light (usually 
from a sodium lamp, X - 589 om). passes through the polarizer (a nicol 



\ ig. 4,3 Schematic leprcscntation of a polarin jtcr 

prism) which emerges plane polarized. The light then passes through the 
solution of the sample contained in a tube The light coming out still vibrates 
in one plane but the plane is tilted due to rotation of the plane of polariza- 
tion, so that it lies at a different angle than it did originally. It is then allowed 
to pass through a second nicol prism called the analyzer having the same 
orientation as the first. This is done before the sample is placed in the 
instrument, the analyzer is lined up with the polarizer so that the polarized 
light vibrates in a vertical plane and can pass on through the analyzer. After 
the light passes through the sample it is no more aligned in a vertical plane 
and the light is blocked by the analyzer to a certain extent. 

In order to allow the polarized light to pass freely, the analyzer mu^t 
thus be rotated so that it is tilted at the same angle as the emerged polarized 
light from the sample, f'or this purpose the analyzer is mounted on a 
circular dial marked in degrees. The angle of rotation for maximum light 
to pass through the sample is recorded. 

The extent to which a pure enantiomer will rotate the plane polarized 
light depends on several factors such as length of the sample tube (1, deci- 
meters), sample concentration (c, mg/l)> wave length (X) ot the light used, 
solvent and temperature. The measurement is reported in terms of specific 
rotation («) expressed mathematically in equation (4.1). 



where 6 represents the observed rotation. 

4,3.2 Lactic acid 

Lactic acid is ««hydroxypropionic acid and occurs in sour milk and pickles. 
Commercially, it is obtained by the fermentation of sugar solution with the 
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lactic acid bacillus. The synthetic or commercial acid is racemic and maybe 
resolved into its enantiomers as explained in Sec. 4.4. Hie two isomers 
have the following configurations: 

COOH ^OOh 

Himb— 'C— wOH 

• t 

CH, CM 3 

D — (— )-lactic Acid 1. — ( +)-Lactic Acid 

These configurations have been determined with reference to (+) -glyceral- 
dehyde. When D~( • ) -glyccraldehydc is converted to lactic acid by a 
sequence of reactions without breaking any bond linked to the asymmetric 
carbon atom, leva iactic acid is obtained. 


4.33 Molecules with Two Asymmetric Atoms 

In general the number of optically active isomers is given by the expression 
2”, where n implies the number of a.symmctric centers. Thus 3, 4-dimcthyi- 
4-phenyl.3-hexano]. CHjClf 2 QCH 3 KC«Hj)C(OHXClIa)CH,CH» exists in 
four enantiomeric forms. Molecules which contain two like asymmetric 
carbon atoms give fewer than 2* = 4, optical isomers. A classical example 
is that of tartaric acid which has the following stereoisomers; 


COOH I 

h-I-oh 

I 

HO— t— H i 

! i 

COOH i 

(4-) Mirror 


COOH 
. HO H 

H— i— OH 

I 

COOH 

(-) 


OpticaJly active, m.p, 170" 



COOH 

i 

COOH 

H- 

OH 

HO- 

H 

H- 

--OH 

HO- 

--H 


COOH 


COOH 


Mirror 


meso 

Optically inactive, m.p. 149* 


JEach asymmetric atom has the same four groups, i c. — H, —OH, —COOH 
and — CH(OH)COOH. The first two structures are nmt'superimposabic and 
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are thus optically active and constitute an enantiomeric pair. The last two 
structures, however, have a plane of symmetry as shown, and as a result, 
the optical activity of the top half of the molecule is exactly cancelled by 
the other half. The compounds show a net rotation of zero and ate identical 
and optically inactive This form is called the meso form. The meso form is 
a diastercomcr of each of the enatiomeric form. 

The nu'so form is internally compensated and is thu.s optically inactive. 
Jt cannot be resolved into its optically active components Though the 
formula 2" predicts four isomers for tartaric acid, only tbiee are known. 
Two of them are an enantiomeric pair, m.p. 170®, and the third is the 
meso form, m.p. 140". Similarly, 2, 3-dichlorobutane exists in three forms. 

Diastereomers are dehnd as any pair of stereoisomers which are not 
enantiomers. Unlike enantiomers, diastereoisomers can differ in physical 
and chemical propcities. 

In contrast to an enantiomeric pair, the atoms and groups in a diastcreo- 
merie paii do not have the same relative spatial oneatation. In the follow- 
ing stiuctures, the cis enantiomers are diastcroomcric with both the tram- 
enantiomers: 




( + )-cM-l -rhloro-3-tnethyl 
cyulopentane 


( i )-rronr-l-( hloro-3-meth>l 
cyclopentane 


The rotation of one enantiomer is observed to be identical in magni- 
tude but opposite in sign to the rotation of the other. If two optically active 
compounds are mixed in equal amounts, the rotation caused by one is 
cancelled exactly by the other so that the net optical rotation is zero. 
Such a mixture is known as a racemic mixture and is designated {±) or Jl. 
A racemic mixture can be resolved into its enantiomers and the process is 
called resolution. 


4.3.4 Synmetry Elencots 

The symmetry of a molecule arises because of the presence of certain 
symmetry elements. A molecule is said to posse.ss a plane o/ symmetry if a 
plane drawn through the molecule bisects it into two halves such that one 
half is the mirror ibage of the other. This is shown for 1, 1-dichloromcthane. 
A cup, fork, plate and a leaf all have at least one plane of symmetry. A 
center ef symmetry in a molecule is said to exist if a line drawn from any 
group to this poittt and then extended an equal distance beyond this point, 
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H 




it meets the mirror image of the ongioal group. 'A compound with a center 
of symmetry usually has a /«<?ro-form, as shown for tartaric acid. 



4.4 RESOLUTION 

A racemic mixture (racemic modification) is obtained cither from synthesis 
a natural source It can be separated into its optical isomers by .any one of 
the following methods. Jlt'solution is thus a separation of a mixture contain- 
ing equal quantities of enantiomers into its components 

1 Mechanical Separation 

Resolution can be effected by this method if the optical isomers have uistinct 
crystals. The crystals then can be separated mechanically by a twee/cr. 
Pa&teur accomplished the resolution of tartaric acid in this manner He 
allowed a dilute solution of the sodium ammonium salt of the acid to 
crystallbe below 27®. Large crystals were thus obtained. Separation of the 
isomers was possible because the two types of ciystals were hemihedricand 
had different orientations. This method has been useful in only a few cases 



2. Formation of DIastereoisomeric Salts or Derivatives * 

This is the most general method for the resolution of racemic mixture. The 
principle of this method involves the conversion of the mixture into its dia- 
riereoisomers by treatment with a previously resolved compound, often a 
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naturally occurring optically active reagent. Since diastcrcoisomers have 
dilTerent physical properties, they can be separated by physical means A 
racemic mixture (-1:) A, for instance, is treated with a base (--) B with 
the resultant formation of two diastcreoisomeric salts, (+)- A:(- ) B and 
(— )— B. Since the diastereoisomers will have dilfercnt physical and chemi' 
cal properties, they can be separated by conventional methods and the 
enantiomers regenerated in a subsequent step 

This method is most suitable for the resolution of carboxylic acids oi 
amines. Several natui ally occurring optically pure alkaloids such as quinine, 
brucine, strychnine, etc. are available in a /e vo rotate ly form. The follossing 
procedure can be adopted, assuming wc have a racemic mixture of carboxy- 
lic acids, say lactic or tartaric acid: 

( fc)-RCOOH +{ -) B 


(+) - KCOO- (-) - BH- and ( ) - RCOO" (-) - BH+ 
Mixture of diastcreoinenc saltN 


t 

V 

(i-)-RCOO-( ) -BH' 

H+ 

(+) R('OOil . ( -)- BH'- 
Pure ciuuUioinci 


Separation by fractional 
crystalli/ation 


-- RCOO- ( -)- BIO 

( )~RCOOir-f BH+ 

pijic enantioinci 


Among the acids used for resolsing uramc^ arc ( - )-mahcacid,(-}-)-tdrtaric 
acid, (■4-)'Cainphoric acid, etc. 


3. Enzymatic Resolution 

Eiuymes are complex protein catalysts and arc prodiKcd in the living orgii- 
nisras. A typical property of enzymes is their high stereoselectivity. They have 
been frequently used in biochemical synthvsi% to obtain highly pure com- 
pounds. Curtain enzymes, if allowed to grow in the piocnce of a racemte 
mixture, often convert one of the isomers preferentially while the other 
remains untouched. Pasteur discovered that when a racemic mixture of 
ammonium tartaratc was treated with pcnciliium glaueimi, it resulted in the 
destruction of the ( -Hsomcr only. The main linntatioii to this method is that 
since one of the enanliomcrs is destroyed, other techniques arc still required 
to obtain it. 
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4. Kindle Method 

This method depends on the principle that the two diastereomers may be 
formed or react with u reagent at different rates because of the differences 
in tree energy. An established example of this type is the partial resolution 
of ( ' ^cid with ( --)-mcnthoi. The dextro isomer reacts much 

faster than the levo isomer. When the reaction is interrupted before com- 
pletion, (— )-menthyl ( • )-mandeiate predominates in the reaction mixture. 
The esteriiied acid yields predominautly(~)-mandciic acid, after hydrolysis. 

4.5 OPTICAL ISOMERISM DUE TO RESTRICTED ROTATION 
In examples considered earlier, optical activity was caused by the presence 
of an asymmetric center and non-superimposability of the mirror images. 
Certain molecules, however, .irc still optically active even if they do not 
contain a chiral center. .An interesting class ofsuch compounds includes that 
of biphenyl derivatives. Presence of bulky groups at the ortho positions of 
the molecule prevents free rotation around the carbon-carbon single bond 
joining the two rings because of slcric interactions between the 2, 2' and 6, 6' 
pairs of groups. This type of steric crowding accounts for the molecular 
asymmetry and the resultant optical activity of these compounds. Polysub- 
stituted diphenvl derivatives have been resolved into optical isomers, since 
the mirror iraage.s, as shown below, are not suparimposable. 




The two major conditions are that the substituents should be bulky and the 
rings be unsymmctricully substituted. Some examples are listed below: 



Not resolved (free rotation) 
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Resolved Cunsymmetncal) Not resolved {symmetrical) 

Another familiar class of compounds arc cumulencs which contain adja« 
cent double bonds. Thu simplest of these arc known as allcnes, and of these 
1 , 2»propadiene may be represented as follows: 


H 


\ 




i'X'sr aUen« 


/ 


Sp hrbrlOUOd 


L 


Allenos are rigid and cm he rcstilved provided each terminal carbon atom 
is disyinmetric 


H 


\ 






- C 


^ 'n.Ht'vcl 
1.1 C'lrnotlsyit'otaO'ene 


M^C 






fact've) ^ 


Ptnia -^/l-difne 


M, 


M 

C •»-■> C . 
pi* tar'ivcj 

1,3 D’Ofomo oroua '.^-c'.ene 

The molecular disymmetry is possible bec.iuse the gioups at one end of the 
molecule lie in the plane of the p.ipcr, while .it the other end they lie per- 
pendicular to it as depicted in the following diagram. 
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Therefore, the two wts of groups will be non-coplanar. If diflferent groups 
are attached at each end, there will be no plane of symmetry. The compound 
will show optical activity. For the last two compounds, the mirror images 
are not superimposablc und they are capable of existing as ( }- ) and (— ) 
enantiomers. 

Another class of compounds that show optical isomerism are the spiro 
compounds, i.c. bicyclic ring systems in which the two rings have one carbon 
atom in common. A simple case of such a compound which has been 
resolved is given below. Tne plane of one ring lies perpendicular to the 
other. Spiro compounds lack elements of symmetry and so exist in two 
non superimposablc forms. 



COOH» 

Spiro I'.t.l) heptan-’, 5 Hlic.irbx\ lie .wul 


Certain t\pes of bridged aromatic compounds a.s exemplified below also 
exhibit molecular asymmetry 



4.6 GEOMETRIC ISOMERISM 

(jeometric or lii-lrans isomerism is u direct consequence of a high energy 
barrier to rotation at the double bond and is frequently encountered in 
unsaturated compounds. Groups around a carhon-carbon double bond can 
be arranged spatially to give two types of isomers called the cis (Latin>o/i 
the same side) and trans (Latin-<icrof,r) as shown in the following structure: 


\ 

C 

/ 

b 


n 

/ 

\ 

b 


r/j 


a 



b 

/ 

-C 

\ 

a 


trms 


The two forms have the same molecular formula but differ in configuration 
and arc called geometric isomers. Presumably, a double bond alone is not 
sufiScient to produce geometric isomers. Ethylene. 1 , 1 -dichloroethylene, etc. 
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do not exhibit geometric isomerism. It is, therefore, necessary that the two 
groups attached to the carbon atom at one end of the double bond be diffe* 
rent from one another and the two linked to the carbon atom at the other 
end of the bond aUo be different. This is illustrated by the following examples: 


H 


CH, 


H,C 


/ \ 


H,C 


CH, 


CHa 

/ \ 

H H 


I 30 CS not show geometric isomcriim .Shows geometric isomciism 


Geometric isomerism is also exhibited by compounds containing C -N 
bonds, N=sN bonds and by cyclic compounds. Geometric isomers differ 
widely in their physical and chemical properties unlike enantiomers. 

1. Malting Point: The c/a- and /ro/ts-isomers have different melting 
points and boiling points. For instance, c/r-l, 2-dibroraocthylcne melts at 
— 53" while the /rom-isomcr at - 6". 

2. Dipoh Sfvnwnt: The dipole moments of the isomers are quite 
different. Ihus c/.r-I, 2-.1khloioeth>iene has [xo of 1 W while the trans 
compound has a value of zero 



<»» fi/) «* 1.S9 irufi! fXQ c- 0 


In the c/j-isomer the individual bond moments arc additive while in trans 
the vector sum is zero. 

3. Infrared Spectra' A change in dipole moment ts necessary for a com- 
pound to give rise to infrared absorption. In symmetrically substituted 
ethyicnes, for instance stretching involves no change in the dipole moment 
and is thus infrared inactive. Thus a /r<«M-isomer which possesses an 
element of symmetry i.c. a center of symmetry and a dipi>lc moment equal 
to zero, docs not show stretching of the double bond. The cis-isomer. on 
the other hand, sKows a strong carbon-carbon double bond stretching 
frequency around 1590 cm-‘. 

4. Anhydride Formation: A c/j-dicarboxylic acid, on heating, loses a 
molecule of water and thia leads to the formation of an anhydride. In a 
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W.r-dicarboxylic acid, the two carboxyl groups are oriented on the same 
side, a water molecule can thus be lost with the formation of an anhydride. 
Maleic acid (cis) on heating at 150" loses water to form maleic anhydride. 
The fm/w-isomer, fumaricacid is recovered unchanged under these condi* 
tions 


V 


COOH 


hA 


COOH 




Mdlcic acid m.p. HO" 


H COOH 

150* 

V no reaction 

C 

nooc’^ 


Futnaric acid ni.p. 270* 


5. Epoxide Formation: Epoxidation is curried out by refluxing an olcflnic 
compound with a pcractd, such as pcrbcn/oic acid in an inert solvent. This 
reagent adds in a c/v manner. The W? olefin on epoxiJaiion yields the c/v* 
epoxide while a /ru/n-cpoxiJe is obtained from the rrunj-isomcr: 



0 

CM 2 CI 2 

J> 

H CHj 

1 

/\ 

H CH3 

Ce,M5C-ooM 

cIs-? Butene 




li 

/\ 

«5C H 

0 

CiHj,C -OOH 

Ri’ftux 

CH^l2 

CH, 

1> 

c 


trans-2-Butene 


The reaction thus pfocccd.s in a stctcospccific manner. Such reactions, in 
which the configuration of the groups is preserved in the products are 
called stercospecific. 

• 

6. Electrophilic Addition: The c/.s-and frr//iJ*aHccnes behave differently 
towards the eloctropbiiic addition of Cl,, Br.. etc. The hulogenation takes 
place in a /rnnr manner. The c/j-isomer yields a (:E)‘PAif> i-®* * racemic 
mixture while the trans-iaomtr yields a meso compound. 
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N 




CH3 


H 


Br. 

V 

>C/=*C 

CHj Bt' 


t. 


C'^1 


C&-2 Butene 




/ 


f. - 



/ 


3r. 


xch 


'-pair 


CHl 




C fr" 

AG\ 

M gf- C H3 




H 






Br 


Br 

/ 



/ra/i4-2-Butenc 


meso 


These two products are similar and contain a point of symmetry. 

» 

4.6.1 Geometric Lsomerisni in Cyclic Compounds 

Cicomctric isomerism is also observed in ring compounds, as stated earlier. 
For the unsaturaltfd ling systems only (hc<7.vfi»rras t.fcyciopropene, cyclo- 
hutcnc, cyclopentene, cyclohcxcnc and cyeloheptene are known, since the 
traftr-forms would be highly strained. However, both the c/s- and trans- 
forms, of cyclooctcne and higher eycloalkenes arc known. In these com- 
pounds a sufllcicnt number of carbon atoms aic present to allow folding of 
the methylene groups into a relatively unstrained conformation as liiustratcd 
below for cyclouctcnc: 



eis 


trms 



80 A Textbook of Organic Chemistry 


In saturated cylic compounds, the carbon atoms that form a single bond 
are tied together by the ring and there is no free rotation. Many of such 
rings arc thus asstK'iatcd with optical activity. Three-mcmbcred rings are 
necessarily planar; substituted rings can, however, be arranged in cis- and 
/ra«5-manner. Cyclobut<ine and cyclopcntane adopt a non-planar confor- 
mation to reduce the eclipsing in the planar form. I'hc cyclohexane ring 
has been extensively investigated and it has two stable non-planar forms. 
These are known as the chair (rigid) and the boat (flexible) cyclohexanes. 
The C-H bonds are cla-'Sified into two types called the axial (a) and the 
equatorial (e) In the chair ni'nici the hydrogen atoms arc as for apart as 
possible and this form is thus of lower energy. The boat-form, because of 



Chair fonn 




ihuii form 


severe eclipsing of both adjacent and 1, 4-hydrogens, is of higher energy 
and IS relatively less stable than the chair model. The bo.ttform thus repre- 
sents only a very small pertcntagc of ^cyclohexane in an equilibrium mixture 
at room temperature The energy difference between the two forms has 
been estimated to be of the order of 5 6 Kcal^mole. There arc, nevertheless, 
some molecules in which the cyclohexane ring exists m the flexible form, 
bicycio [2.2.2] octane represents such a case 



Another example in which the cyclohexane takes up a boat-shaped form is 
frow-l, 3-di t-hutylcy*.lohexanc. 

The chair-form is the stable form only amongst small rings in which it 
is capable of taking up a strain-free conformation. There are two additional 
features of a cyclohexane ring 

1. One chair form readily flips into the other and in the process the 
equatorial bonds become axial and vice versa. ^ 

2. Large groups tend to occupy equatorial rather than axial positions. 
Consider methyl cyclohexane. In one conformation, the •— CH, group is 
axial and iit the other, it is equatorial. These two conformations arc ener- 
gttietdiy different because of the 1, 3- and I, S-interactions with the — CH, 
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group to the first case while the other has none. The former is analogous 
to gauche arrangement while the latter is anti. The energy of the former is 
higher by 0.8 Kcal/mole and increases as the size of the group increases 
Thus, ten. butyl group in tert. butyl cyclohexane lies exclusively in the 
equatorial conformation and is often called the ‘anchoring' group. 

Chemical Reactivity. Barton first pointed out the chemical consequences 
of the differences between axial and equatorial substituents. The preference 
for a chair-form is merely due to the fact that this is the only way of 
obtaining the correct staggering in all C-C bonds. The difference in chemical 
behavior caused by the substituents plaad in the axial and equatorial 
positions are due to stcric factors. The axial position is normally hindered 
and the reaetkm proceeds more slowly than in the equatorial position. Thus, 
the saponification of carboxylic acid ester proceeds with marked retardation 
in the axial position. 


k (reU—l 



Since hydrolysis proceeds via the formation of a tetrahedral intermediate in 
which the bulk increases, the axial saponification thus pioceedi> slowly. 


4.6.2 Bkycifc Alkanes 

Ring systems can be fused through adjacent carbon atoms and ari, called 
condensed rings. The fusion can be cither cis or trans For smalt rings only 
els fusion is possible. Many of the molecules that we come across in organic 
chemistry contain more than one ring. One such example is bicycio [4.4.0] 
decane, a compound popularly known as decalin. It also exists in two geo- 
metric isomers, r/s-dscalin (b p. 194“) and fraw-dccalin (b.p. 185’). 
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trems XXIll 

In die former, the fbsion is through axial-equatorial bonds and in the latter 
through equatorial-equatorial bonds. 

ds- and rraiur-DecaUns cannot be interconverted into one another by 
simile rotation about the carbon-carbon single bond. These arc thus iso- 
meric and not different conformations of a single compound Analogous to 
cyclohexane, /ronr-decalin has lower energy and is more stable Moreover, 
diequatorial fusion of the ring (frans) renders the molecule more rigid, i‘C 
complete conversion of the molecule into a new chair conformation is im- 
possible on the equatorial bonds at the junction carbon atoms cannot be- 
come axial unlitce traas-U 2'djmetbylcyclohexaoe The etr-oorapound, on 
the other band, is more flexible and the interconversitm of the axial and 
equatorial bonds is allowed as in the case of c/s-l, 2-dimethylcyclohexatte. 
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4.7 ABSOUrrBGONnGURATHM^ANDSPEClFlCATlON 
Absolute coitfigurathn may be described as the orientation of groups in 
space relative to one another. Determination of absolute configuration is a 
cumbersome process and can be accomplished only if the compound forms 
well defined crystals. The configurations of a great many compounds are 
corrdated with that of a known compound and what we actually determine is 
the reUttise configuration. The compound of reference for this purpose was 
selected to bd D (•4-).glyccraldehyde and the configuration of compounds 
that could be derived from D(-}-)-glyceraldehyde was considered to belong 

CHO 

/ 

HOH^ 

H 

D (+)>G]yceraldebyde 

to the D-family and those that resembled (LX— )-gIyceraldcbyde to the L- 
family. On this basis, D- Lactic acid was assigned the following configuration : 


COOH 



H 

D-Lactic acid 


There is no difiSculty in applying the D and L system of classifying enantio- 
mers to lactic acid because the —COOH group corresponds to — CHO and 
— CH, group to — CH,OH. The system, however, is less obvious with com- 
pounds like 2-chlorobutane because a comparison of groups with those 
present in D ( -f )-giycenildehyde cannot be easily made. 




2«QiIorobiaana 



84 A Text Book of Organic Chemistry 


An independent system has been developed by Conn, Ingotdtod Prelog to 
name configuration without reference to glyceraldehyde. Hie new system is 
called the RS convention. According to this, a relative sequence is assigned 
to substituents located on a carlxMi atom. The procedure involves the 
foltowing steps: 

1. Assign a sequence of priority to the atoms or groups attached to the 
asymmetric carbon atom. Let us consider a molecule Cabed in which the 
space model is represented as in structure (XXII). 



xxn xxm 


Let us also suppose that the order of priority of groups in terms of atomic 
number is abed where </ is of lowest priority and is usually a hydrogen 
atom. Structure (XXIll), is an enantiomer of (XXII). An enantiomeric form 
can be written by interchanging the positions of any of the two groups. 

2. Position the molecule in such a way that the atoms of lowest priority, 
i.e. d, points away from you (see corresponding models XXIla and XXlIla) 



xxno 



xxtno 


Now, view the model and determine whether in passing from n to h toe. a 
clockwise or an anticlockwise curve is traced, if the curve traced is clockwise 
then the asymmetric carbon atom is called R (rectus, right), and S (sinister, 
ieit) if the curve traced is anticlockwise. The R and S notations are also 
independent of the sign of rotation. 

4.7.1 The Priority Rnlea 

To decide the priorities of the groups attached to the central carbon, the 
foltowing rules may be observed. 
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1. For the four different atoms or groups attached to the asymmetric 
carbon atom, the priority depends on the atomic number. An atom with 
higher atomic number precedes the lower, i.e. 

Br > Cl > O > H 

2. In case two atoms are isotopes of each other, the heavier isotope has 
the higher priority, i.e. 

D> H 

3. More often, in organic chemistry, two or more atoms directly linked 
to the asymmetric center are identical. In that case work outwards along 
the chain till the priority is determined. Fur instance, between — CH, and 
■~CH,OH, the latter has a higher priority because — CH, can be written as 


H 


while — CH^OH as 


H 

C—OH 




the oxygen atom in this case is the 


deciding factor. 

4. A double bond to an atom is considered equivalent to two such 
atoms and a triple bond equivalent to three. Ihc bonded atoms are thus 
considered as follows 


— CH ---CH— —CH— CH— 


-C5.C— 




H 


— C—O 

u 


The following examples illustrate these rules ; 



*,(c, 

/ 


1 

X 

5 

1 1 


{ 1 

A 

N. CHjOH 

1(01 

11 


A 

S (•(•Fl’iodoctane 

R (-f Hitronellsl 



R (+)-hmoncne 
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(S)»n)cfbylcyclohexan0ne (S)-]-Broino>l-cliloroethaae 


The osuat Fischer projection can be handled easily after it is translated into 
a three dimension representation. Alternatively a procedure which does 
not require three dimensional thinking is as follows: 

Transform the given Fischer projection by an even number of interchanges 
of pairs of substituents so that the group of lowest priority, i.e. d occupies 
the bottom position. On this structure read the pattern a -¥b~>e as R or 
S depending upon whether the direction of movement is clockwise or anti- 
clockwise. If group d is already at the bottom in the given projection, then 
no exchange is needed. This is illustrated for the following general case: 



b d 

XXIV XXV 



XXVJ 

the two structures (XXIV) and (XXV) arc equivalent because au even 
iatercliange of groups does not alter the conj|goraHon. The new structure 
(XXV) traces a clockwise cotve> so its configuration is R. Interchanging of 
one groups would reverse the configuration. 
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QUESTIONS 

4. 1 Describe the following terms: 

Diastereoisomer, resolution, disymmetry, racemization, absolute and 
relative configurations, 

4.2 a. Describe optical isomerism with suitable examples. 

b. Would you expect the following compounds to be optically active? 
Explain. 


HOOC- 


H 

I 


Br 


H 

-C— COOH 

tr 


4.3 Indicate the possible types of isomerism exhibited by the following 
compounds 

a. CjHjo b. CH,CsCCH, c. (CH^,C=CHCH, 

d. C 4 H,o e. CICH --CHC1 f. C,H,0 

g. CIf,CH-CC,H, 



4.4 Which of the following structures exhibit c/f>/raas>isomcrism? 

a. 2>Methyl-2>peutcne 

b. 3-Metbyl-3<pcntene 

c. 1, 2*DimethylcycIohexanc 

d. Cyclohexcne 

e. 2*Hcxene 

4, S Which of tbe following compounds is not isomeric with diethyl ether; 

ButaO'i'Ol, butanone, 2*mcthylpropan-2'Ol and n>propyl methyl ether. 
4.6 Write R/S configuration for the following compounds. 




A T&abock of Orguak Chemistry 



4.7 


(a) Describe the rales for interchanging Fischer projection into an 
equivalent structure. 

(b) Show the relationship between the following pairs. 


CH, 


(i) H-j 


|— OH 

iooH 


and 


OH 


H,C- 


— COOH 


H 


H 

(n) H— j-CH,OH 

(:ho 


CH^OH 

I 

and HO H 

CHO 


4.8 How many optically active forms are possible for the following 
compounds? 
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4.9 Indicate whether the following statements are turc or false 

a» R and S configurations correspond to the enantiomers of an 
optically active compound. 

b. The process of converting an optically active compound into a 
racemate is called recemi7.ation. 

c. Cyclic disubstituted compounds do not show geometric isomerism. 

d . A molecule containing a plane of symmet ry can be optically active, 
c. Positional and chain isomerism are identical. 

f. Optical isomers that arc not enantiomers are called diastereo* 
isomers. 

g. All ortho substituted diphenyl compounds are optically active. 

h In the Fischer projection, any odd number of interchanges of 
substituents leads to an enantiomer, 
i. All chiral objects arc asymmetric. 

4 . 10 Predict the structure and stereochemistry of the product from the 
following sequence of chemical reactions: 

SOCI, CH,N, Clt,OH 

(R)— 2*Mcthylb«tanok acid ► ► — — — ♦ CyH] 40 , 

C,HsCOO“A«+ 

4.11 By drawing Newman projection formulas, show how do the potential 
energy dhanges occur in it*butane when the molecule is rotated around 
its C|~-C, bond axis through a complete cycle. 
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4 >12 Give an account of the isomerisin exhibited by lactic acid. What is 
meant by resolution? Describe at least two methods for resolving a 
racemic compound. 

4.13 What do you understand by the term optical activity? Explain it with 
reference to lactic and tartaric acids. 

4.14 Discuss the different types of isomerism. Illustrate each with an 
example. 

4.15 What do you know about disymmetry, an essential condition for 
optical isomerism ? 

4. 16 What do you understand by the terms R and S used for specifying 
the configuration of optically active compound ? Do they throw any 
light on the direction of rotation of the compound ? 

4.17 (a) Is geometric isomerism possible in compounds which contain (i) 

Two double bond.s (ii) No double bond ? Give reasons. How can 
maleic acid be converted into tartaric acid? Give structures of 
crotouic acid and its other geometric isomer. 

(b) Solution of optically active compounds showing positive rotation 
are called dextro and the ones showing negative rotation are called 
Uyo. Can these be denoted as D and L respectively? Give reasons 
for your answer. 

(c) What is ‘mcjo’ form? How does it differ from racemic form? 

4.18 How will you resolve racemic lactic acid into optically active form? 

4- 19 What is meant by stereochemistry? Discuss optical isomerism of lactic 

acid. 

4.20 a. What are R and S configuratidos? State and illustrate the sequence 

rules. 

b. Write an account of the properties of enantiomers. 

4.21 What do you know about the chair and boat forms of cyclohexane? 

4. 22 Which of the following compounds will exhibit optical isomerism? 


CH, 

CH, 


'^CHOH, 


CH,CHOHCOOH, 



HCOOCH, 



5 


Reaction Intermediates and 
Mechanisms 


Organic compounds undergo a large variety of interesting reactions and 
their study has been facilitated by investigating their mccha'iiros. A mecha- 
nism may be described as the detailed description of the sequence of steps 
in going from the reactants to the products A reaction is conveniently re- 
presented by a stoichiometric equation which piosides a knowledge about 
the nature of the reaction but tells nothing about its mechanism. Several 
techniques, both kinetic and chemical, are employed in organic chemistry 
to delineate the mechanism of a reaction under examination. Organic 
reactions can be broadly classified into the following types : 


Reaction type Overall tr nsformatton 

1. Substitution: CH.Br - Oil- > CH,OH+ Br- 

it* 

2. rumination. C'HjCH.CH.OH ► CH,CH=CH,+H,0 

3. Addition to C C bond- 11,0 CH, Cl, ► CICH,C1I,CI 

Av 


4. Radicd reaction. 


5. Rearrangement: 


cu/:n, 1 Cl, 

CH,Cir,Cl I HCI 

C,H, OH 

0 

\ / 

H+ 

C N 

C,H,CNHC,H 

/ 


C,H, 



PormaHon <rf CHgOH from CH,Br in the presence of a nucleophile (OH“) 
it a lubstitution or displacement reaction in which the bromide ion has 
been displaced by hydroxide ion. Removal of water from propanol in an 
acidic medtom with the fbnnation of propene is an elimination process. 
AdditioTii of chlorine to ethylene leading to the formation of 1, 2-dichloro- 
cthane is an example a carbon-carbon double bond addition. In radical 
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reat^ons, the intermediate formation of radicals and the subsequent for- 
mation of the product takes place in the presence of light. An atom or 
group migrates from one position to another in molecule, in a rearrange- 
ment reactioo. Above reaction is an example of the familiar Beckmann 
rearrangement. 

5.1 BOND FISSION 

Orgaiuc reactions proceed by the cleavage of covalent bonds. A cleavage 
or fission can take place in either of two ways, i.e. heterolytic, in which the 
rapnents separate and one fragment retains the shared pair of electrons, 
and, fiomalytic. in which each fragment separates with a single unpaired 
electron each. 


^ + 

A • B ► A* + :B“ 

(CHj)jCCt 

rt 

A : B ► A- + 8 

'U 

Bf - 0r — » Bf' ♦ 8r 


(Heterolytic) 

(Homolytic) 


Bond fission results in the formation of intermediates. 

5.2 RBACTION INTERMEDIATES 

In the study of organic reactions, energy as a parameter is of fundamen- 
tal importance. Of particular interest is the activation energy, described as 
the minimum energy required for a reaction to take place. The energy of 



Fig. 5.1 Poc<atial Eacrgy Diagram 

*1. y”* repwscatttbe transfer of both the dectrons to one atom while 

the Hdt hook topliei (rsnsfer of one electron only. 
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a reaction versus the progress of the reaction is plotted on a diagram known 
as the potential energy diagram. The progress of the reaction is expressed 
as reaction coordinate and is measured in terms of bond breaking and bond 
making. A potential energy diagram for a typical reaction is shown in Fig. 
S. J . The transition state is energetically the highest point above the reactions 
en route to the products. It represents a state in which the reactant bonds 
are partially broken and the bonds in the products are partially formed. 
It lies on the energy maxima on the potential energy diagram. It tos an ex* 
(remeiy brief existence. The structure of the transition state is an important 
feature of a reaction and its existence is deduced by indirect means. A 
molecule in the transition state is called an activated complex. The activa* 
tion energy is thus the energy required in taking the reactant to the tran«* 
tion state. The higher the transition jttate above the reactants, the slower 
is the rate of the reaction because the necessary energy is less likely to be 
available to the reactants to cross the activation barrier. G>nversely, the 
rate is faster if the transition .state is lower. In addition, if the transition 
state is more stabilized by some structural features, than the reactants, 
the energy barriei is reduced On the other hand, if the transition state is 
destabilized then the energy is larger and the rate of formation of products 
is decreased. 

A reaction intermediate is a transient species formed during a reaction 
and corresponds to an energy minimum on the potential energy diagram 
(I'ig. 5.2). 



Reoctloo coordinoU 

Fig. 5.2 Representation of a Reaction Intermediate 

Figure 5.1 represents ^le energy diagram for the simplest possible reac- 
tion in which there is a single transition state. In more complicated cases, 
there is an additional transition state and interinodiate energy minimum, te., 
the intermediate and the highest of the two determines, the activatbn energy 
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of ^ reaction. This step of highest energy of the overall reaction proceeds 
more slowly than any other and also governs the rate of the reaction and is 
called the rate detemtnbig step. 

A vast majority of organic reactions take place via the formation of 
intermediates. Ihese may be either charged or neutral species, but all are 
shortlived and very reactive. Different intermediates differ widdly in stalnlity. 

5.2.1 Ihe Carhocatiens 

An ion with a positively charged carbon atom is called a carbaeation. In a 
carbocation, the carbon atom has six electrons and is thus deficient in elec- 
trons. The central carbon atom is sp* hybridized and the three bonds attach- 
ed to it are planar. The remaining p-orbital is empty. 



empty />-orbital 

A carbocation can be generated in a number of ways. Its formation is 
favonred in polar solvents. The ion may be obtained by the heterolysis of 
an organic halide in a polar solvent, deamination of amines, protonation of 
alcohols and in the Friedel-Crafts reaction. 

Carbocations differ in stability depending on the nature of the groups 
attached to the positively charged carbon atom. The order of stability can 
be predicted conveniently by invoking cither rc>onance or inductive effwt. 
The order of stability of the carbocations increases in the following 

manner: QH^Clf**’ < C*HjCliCHj < (C*Hj)jCH < (C,H*)s5. The 

triphenylmetbyl carbocation is the most stable in this series because its 
positive charge is dispersed by resonance with the resultant stability of 
this ion. 



All aSyl cation is similarly stabilized by resonanoe; 

CH, »CH CH,+ C^Hr-CH»CH, 

If the atkyt groups are attached to the carbon atom then a tertiary alkyl 
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carbocation is more stable than a secondary which in turn is more stable 
than a prhnary due to a favourable inductive electron-donating effect. 

CH, H H H 

HaC-i:+ > C+ > H-J:+ > H— 

’ i I ’ 

CH, CH, CH, H 

A carbocation is an electron deficient species and in this case there can be 
no occurrence of resonance, therefore, the charge is dispersed by inductive 
electron-donating effect of the alkyl groups. 

5.2.2 Hie Carbanlons 

An ion with a negatively charged carbon atom is called a carbanion. The 
carbon atom in a carbanion is trivalcnt and has two extra electrons which 
are not bonded. A carbanion is isoelectronic with an amine and is sp* 
hybridized. The unpaired electron pair forms the fourth apex of the tetra- 
hedron. The configuration of simple carbanions seems to be pyramidal 


\ - 




which readily oiicillates from one side of the plane to the other. Carbanions 
can be generated by a number of methods, such as removal of a proton 
from hydrocarbons by strong bases, removal of a proton from an activated 
methylene group and in the Grignard reaction. A carbanion is stabilized 
by resonaace, and is shown for the fluorenyi anion. 


OgO 




etc. 


In contrast to alkyl carbocations the order of stability of alkyl carbanions 
is reverse i.e., primary carbanion is more »table than a secondary or 
tertiary. The inductive clectron-donattog effect of the methyl groups tends 
to distabilize the tertiary carbanion. 



96 A Textbook of Oifaaic Cbemistry 


5.2.3 Hie Fre« Radkab 

A free radical has an noiMiired electron (a total of seven as compared to 
eight in a carbanion)at the central carbon atom. It is uncharged but is still 
considered deficient in electrons. There are two possible structures for 
simple alkyl radicals, i.e. it may be planar sp* hybridized similar to a car* 
bocation or as a pyramidal which is neither planar nor tetrahedral. Free 



radicals arc formed mainly in non*polar solvents. They are produced by 
homolytic cleavage of a bond In photochemical processes the energy (^«) 
is frequently provided by u.v light or the sun. Thermolysis of peroxides 
produces free radicals. 

A free radical is stabilized by re.sonance analogous to a carbocation or 
carbanion, and the resonance structures for benzyl radical shown. The 
stability of alkyl free radicals parallels that of carbocations. 



ft may be stated that the resonance effects are always more stabilizhig 
than the inductive effects. Between the following two carbocations 

C(M,CHC«He and C,HsCHCH„ the former is more stable because it has 
more resonance structures. 

5.2.4 The Carbenes 

There is yet another class of intermediates, the divalent carbon compounds 

I ^ 

known as carbenes j ;C I. The central carbon atom has six etectrons, 

\ V 

two of wh^ are free. Carbenes do not possess any dharge. Carbenes can 
exist in two forms, i.e. singlet and triplet. !n singlet earbene the two non* 
bonded electrons are in the same orUtal and paired. The two electrons in 
A triplet earbene are placed in eadt Pt and orbitals and it it linear. 
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A singlet carbene 



Carbenes may be generated by the thennal or photochemical decom- 
position of diazo compounds, decomposition of ketenes, action of strong 
bases on alkyl halides and decomposition of yiidcs. Depending on the 
mode of its formation, a carbene may initially be formed as singlet or 
triplet. The singlet state of methylene resembles a carbocation while the 
triplet state a diradical. One of the most important reactions of carbenes 
is their addition to an alkcne to yield a cyclopropane. 


5.3 CLASSIFICAITON OF REAGENTS 

Chemical reagents have been classified into types namely electrophiles 
and nucleophiles 

Eii'ctrophiles: Llectrophiles (Greek: electron loving) or electron seeking 
arc those reagents that are positively charged, for example. NO»+, Br+.Cl"^, 
1130+, RN,+. Ag^, CHjCHj+ or contain an electron deficient atom such 
as S in SO, or SOCl,. 

Nui'lvophiU'x: Nucleophiles (Greek: nucleus loving) or electron repelling 
are those reagents that are negatively charged, for example, OCH,~, OH~, 
OCjH,-, CN"*, H-. “ClljCO or possess an electron rich atom, i.e., O in 
H, 6 : or N in NH, and pyridine. 

5.4 EQUILIBRIUM AND KINETICS 

A chemical reaction may proceed in a single direction to completion, but in 
general it often takes place both in the forward and reverse directions 
In the latter case, a thermodynamic equilibrium is established, i.e. the 
reaction is complete, when the products and reactants are present in 
indefinite concentrations A thermodynamic parameter of major utility is 
the free energy, symbolized by F. In organic chemistry we often talk of 
the energy content of a sub-stance or system which can be understood in 
terms of free energy. This parameter refers to the stability of a substance 
or a system. A sys^ reacts in order to attain a state of lower free energy 
content. Sodium chloride, for instance, dissolves in water because the 
solution p<»se 8 se 8 lower fice energy than salt and water individually. 
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Broadly speaking, a reaction proceeds rapidly when the products happen 
to have a low energy content than the reactants. The energy cannot be 
measured experimentally, rather it is the change in free energy of a 
reaction that can be determined. For the following equilibrium between A 
and B, the change in energy is expressed by equation (S.l). 

A ^ B 

It is the difference between the free energy contents of the 


AF Fj» Fa 


(5.1) 


products and the reactants. The equilibrium constant K is given by 


lAJ 


where [A] and [BJ arc the molar equilibrium concentrations and 


this is related to the change in free energy in the following manner (equa- 
tion 5.2). 


AF ~ RT In K (5.2) 

A reaction is considered to be spontaneous if AF has a negative value, this 
is considered to be the driving force for the reaction. If the change in free 
energy is zero then the system is at equilibrium. 

The change in free energy can be broken up into two terms, AH (change 
in enthalpy) and AS (change in entropy) which are related as follows; 


AF = AH - TAS (5.3) 

where T is the temperature of the system. 

The enthatpy term is generally associated with bonding. If stronger bonds 
are formed. AH is negative and the reaction is termed exothermic, a reaction 
in which AH is positive is endothermic. Entropy is concerned with the ran- 
domness of a system or the freedom of the reactants. A greater freedom for 
the reactants ensures a rapid reaction and a relatively positive change in 
AS. Thermodynamics deals with the initial and the ilnal states of a system. 
It does not tell how the final equilibrium state was achieved and how fast 
this was attained. Chemical kinetics provides us with an answer for this last 
question as it deals with the change in the concentration of the reactants and 
products with time. Measurements of the kinetics of a reaction is the first 
step in the investigation of a reaction mechanism. It helps to establish the 
order of the reaction and the slow step of the reaction as well as the rfta- 
tive reactivities of molecules. The reaction rate is proportional to tlm qon- 
oentration of the reactants and the proportionality constant is referretl to 
as the rate constant. A reaction in which the rate of the reaction is proper^ 
titmal to the concentration cd only one of the reacting substances, is ternited 
as a first order reaction. The order of a reaction is the sumof theexpondots 
of all the cottcmitration terms which appear in the rate law. 

A rate-* kJA], 


where is tiie rate constant. The molecularity of • reaction is the number 
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of molecules involved in the actual collision process. The stoichiometric 
equation of a reaction corresponds to the molecularlty for a simple reaction. 
A reaction is classified as a second order reaction, if the rate is proportio- 
nal to the concentration of two substances. The rate for a reaction 
A ! B ► P is given by 

rate - lc,[AXB] 

where k, is the rate constant for the second order reaction. 

A rate law is obtained experimentally by measuring the rate of the reac- 
tion. The various mechanisms are written for the reaction and the one which 
corresponds to the experimentally determined rate equation and other data 
is considered to be the most plausible mechanism. 

5.5 CHEMICAL METHODS FOR INVESTIGATING 
REACTION MECHANISMS 

In addition to the information furnished by kinetics, certain chemical 
methods are employed in organic chemistry in order to confirm a postulated 
mechanism. Some of these techniques, namely product analysis, interme- 
diate criteria, stereociiemical studies and isotope labelling will be described 
here briefly. 


5.5.1 Product Analysis 

The most obvious starting point in any mechanistic study is to identify the 
products of the reaction. The correct structure may be established by such 
techniques as ir, nmr. uv, ms, etc. To demonstrate this point let us 
consider a simple case of 2-methyl-2-butanol which is heated at 90* in the 
presence of dilute sulfuric acid. A careful analysis of the products indicates 
that the olefinic product, 2-mcthyl-2-butene is obtained in about 85% yield 
with the elimination of the elements of water. The mechanism of this de- 
hydration can probably be thought of as proceeding via protonation of the 
alcoh\)l as the first step. Subsequently a water molecule is lost resulting in 


CILCH, 


CH, 

in 


CH, 

11+ CH,CH,<XH, : 

I -H,0 
OH,+ 


CH, 

- ch,ch,<!ch. 


~H+ / 

CHgCH C 
-1-H+ \ 


CH, 


CH, 


t^ formation of an intermediate carbonium ion. A proton is then lost to 
the solvent and p^erably from the ethyl group, to yield the alkene. 

Another interc.*ititig example is the chlorination of toluene in qv light 
and under the catalytic eflcct of a Lewis acid (FeCI,). Two different products 
are formed, as shown below: 
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o-and p-chiorotoluenes 

The formation of these products immediately suggests a change in Uie 
mechanism during chlorination of toluene under two different conditions. 
In photochlorination, since the chlorine has not taken a position is the 
benzene ring, it is suggested that the reaction proceeds via a free radical 
mechanism involving the following steps: 



Hie Lewis 8cid>catatyzed reaction is the familiar eletrophilic aromatic sub- 
stitution in which an electrophile (Cl'*') attacks the aromatic ring with the 
subsequent loss of a proton to yield the products. o-Cblorotoiuenc is also 
formed in this reaction by a similar mechanism. 

CI2 + FeCly ► Cl*—- F*Cl4 
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5.5.2 Intennediate Criteria 

Intermediates are sbort'lived and very reactive species. A large number of 
reactions, however, proceed through intermediates uf sufficient stability. An 
appropriate example is the solvolysis of p-bydruxyphenylethyl bromide in 
the presence of a base in methanol to form an ether. It was suggested that 
the reactioo involves a spirodienone as an intermediate according to the 



steps shown. The formation of this intermediate has been supported by 
actually isolating this intermediate. This intermediate, on subjecting to 
the above rcacuctt conditions, yields the same product. If the intermediate 
is not isoiable, its formation can often be demonstrated in a reaction 
by capturing it by a suitable reagent. Ft>r instance, in the solvolysis 
of 3-chloro-3-mctbyl*l*butyne in an alcoholic solution of potassium 
hydroxide, it was suspected that the reaction takes place through a 
carbene intermediate as follows: 


CHi 




tH, 

1 


C H,C t *S < H t H,C ( S3 c 

I I 

Cl tl 


(M, 

=3f{e»C' + 


CMj 




i I - * 






1 


CH, 


CM.{ C SgCH 
* 1 




IHj 


CHj 




A carbene is formed first by. the loss of a proton and then the loss of the 
chloride ion. This was corroborated by doing the solvolysis in the presence 
of pot. r-butoxide and stvrene. Under these conditions, the carbene, if form- 
ed, should be trapped by the oleflnic double bond of styrene to form a 
cyclopropane derivative as carbenes are trapped by alkones. An appreciable 
amount of this adduct was indeed obtained. 
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5^5^ Sterooehemkal Studies 

Tlieoootribution of stereochemicul effects in elucidating reaction mechanisms 
has been particolarly usefbl in several types of reactions. For this method to 
be useful, the stereochemistry of the reactants and products should be known 
accurately. The purpose is to determine a change in the configuration, or 
lack of it during the course of a reaction. Thus, the addition of bromine to 
cyclohexene is found to yield tram-l, 2-dibromocyclohexane as the pre< 
dominant product. This implies that the reaction proceeds via trans addi* 
tion and a cyclic *bromonium ion* is involved. Subsequently, a bromide ion 



the side opposite to the first bromine leading to the formation of a trans 
addition product. If a classical carbonium ion were involved then both ch 
and trans dibromocydohexancs would have been obtained. 

Hydioxylation of a carbon-carbon double bond by potassium permanga- 
nate or osmium tetraoxide forms a 1. 2-<*fy'diol, The mechanism of this 
reaction may be interpreted by a c/r-additton in which both the hydroxyl 


\ \ 

c „ 5 C ^ ‘ 

n -VKMnO^, — — > ' 

/ V / C 

/ ' . 


.0 




-<>0 't 

^Mn *• — ^ I 

C. 0'^ C. 


/ 


group add from the same side of the double bond, in contrast 
addition. 


-OH 

•Oh 

ti> bromine 


5,5.4 Isotope Labelling 

This tool of diagnosing a reaction mechanism has been made possible by 
the availability <rf stable isotopes o<' various elements. I he isotope effect is 
evaluated either by product analysis or kinetically. In the former case, one 
of the atom In the starting material is labelled and at the end of the reaction, 



Ahyipltesjrl ether 


e-Altyl phenol 
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the identity of the product is established. The fate of the labelled atom is 
determined at the end of the reaction. A revealing example of isotope labell- 
ing .study is the Claisen rearrangement in which phenyl allyl ethers on heating 
arrange to ally! phenols. Two mechanisms can be envi»aged for this reaction. 
The first is a two step process in which a cleavage of the O — C bond takes 
place to give two fragments which recombine subsequently to form the 
product. The second is a concerted process in which bond-breaking and 
bond-making takes place simultaneously as shown below: 



The distinction between the two pathways has been made by labelling the 
terminal carbuu aiuin with and in the product it was always found 
to be adjacent to the aromatic ring Therefore, a concerted process is more 
likely for this reaction, since according to the first mechanism, there would 
only be a SO percent chance of the labelled carbon getting attached to the 
aromatic ring. 

Another interesting problem which isotope studies have helped to solve 
IS the alkaline hydrolysis of esters. In ester hydrolysis an acid and alcohol 
can be obtained either by acyl-oxygen fission (path a) or by alkyl-oxygen 
fission (path b). To decide between these two modes of fissions, the 


O 

R_C^— R' +0H-H,0«— j 
t t 


O 

HjOjg 'I , 

> R— C— Of ROH 


(a) 

O 

HgOW I . 

R__C— 0+P'0»H 

(b) 


reaction was run in water labelled with and the product 

analyzed for the incorporation of oxygen- 18. ^ was found that carboxylic 
acid and not the alcohol was enriched in oxygen- 18. This conclusi- 
vely demonstrated that acyi-oxygen fission (path a) took place and. not 
{Mtbb. 

Kinetic Isotope Eflfcct: Isotope labelling has been a vital source of 
informatjott for the elucithition of reaction mechanisms. Isotope efiects can 
also be evaluated kinctically in reactions which involve the fistion of a 
C— H bond. This method tells us whether a C— H bond is broken in the 
8low<^p of the reaction or not. To do this, the rate Kx »» measured with 
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tbe compound itself (for instaooe nitration of benzene) and then K^is 
measured using the deuterateJ compound. The kinetic isotope effect referred 
to as Kff/Ko is calculated, and if this ratio is large then it may be 
assumed that the C~H bond is broken in tbe sloW'Step of the reaction. 

Deuterium and hydrogen are chemically similar, but the former is heavier 
(it bos one proton and one neutron in its nucleus). For this simple reason, 
deuterium vibrates (moves towards and away from the nuclei to which it is 
bonded) slower than hydrogen. As a result the C— H bond is more easily 
broken than the C-~D bond and therefore, so is the rate of a reaction in 
which a C— "H bond cleavage Is the slow step. In other words, although in 
the ground state of the reactant, the C — 1> bond possesses a greater stability 
than the corresponding C— H bond. There is, however, no difference in the 
energy in tbe transition state as both are equally stretched. The difference 
lies in the activation energy needed to break the C — D and C — H bonds 
which is larger for the former. Since the activation energy of a reaction is 
related to the rate constant, the Kh/Kd rate ratio will be greater 
than one, i.e. Kk/K^ > 1 . The maximum kinetic isotope effect f<ir a reac- 
tion has been observed to be 7 at room temperature. If the K/i/Ko rale 
ratio is equal to unity than there is no isotope effect and it can be concluded 
that a C— -H bond is not broken in the ratc-deteimining step of that 
reaction. 


QUESTIONS 

5. 1 Write short notes on the following: 

Activated complex, a first order reaction, intermediate, activation 
energy, rate-controlling step, chemical equilibrium, stcreospeciflc r/.v- 
additicn and the mechanism of ester hydrolysis. 

5.2 Describe, with appropriate examples, stereochemical studies as a 
probe for investigating reaction mechanisms. 

5.3 Account for the foilow'ing: 

The species A, B and C aic more stable than D, E and F respectively, 

I 

CH^’H»CHCH,+ CH,Cli«CFrCH,-, CH,CH CHCH, ! 
A B C ' 

I 

CH,=CHCH,CH,+, CH,»^CHCH,CH,“ CH,-CHCH,CH,* 

D E \ 

5.4 Suggest a plausible mechanism for each of the following reactions; 
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Oh 0 




5.3 The bromination of acetone in the p»-''Scoce of Bri and HBr, 

HHr 

CH,COOCH, f-Br, ► CH,COCH*Br } HBr has the rate law, 

rate ~k [CH,COCHs) tH+). Suggest a mechanism for this reaction. 
3.6 Write in the increasing order of stability: 


tCH,),C*. iCC\,yO\ (CH,),C,H,0 
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5.7 Separate the following species into electrophiles and nucleophiles : 

CHaOH, SO,. NO,+, RSH, H,S, NH„ OH-, HgO+ flr+ 

5 . 8 Sketch potential energy diagrams for the following reactions and label 
Ba and AH : 

a. CHa-rHCl ».CH 4 .a 

b. Br,— — -►2Br 

c. 2CI‘ ► Cl, 



6 

^ Purification and Structure 
Determination of Organic 
Compounds 


Organic compounds are either synthesized in the laboratory or isolated 
from natural sources. The compounds obtained from natural sources are 
alkaloids, terpenes. proteins, etc. One of the principal aims of an organic 
chemist is the purification and structure establishment of unknown com- 
pounds. Several methods are available to achieve purification of a sample, 
whether it is solid or liquid. The purified compound is subjected to elemental 
anaysis to ascertain the nature and Hic propOTttoTrbrtBe^raents'^'scnt. 
Based on the types and number of elements, the functional group is 
cstublishcd. Determination of molecular weight and the molecular formula 
is the next logical step. From the data, one can arrive at some reasonable 
.structure of the compound, at least in certain simple cases. The postulated 
structure can be confirmed by carrying out some appropriate chemical 
reactions. A final proof is, of course, obtained by using modem spectro- 
scopic techniques such as tr, uv, nmr,etc. discussed at the end of the chapter, 

6.1 MK1110DS FOR THE PURIFICATION OF SOLIDS 

The product obtained ftom a chemical reaction is oAen crude and contami- 
nated vrith impurities. As a result, the melting or boiling point of the com- 
pound is not sharp. The compound needs to be purified, and, in the case o f 
a solid any one of the following methods may be used. 

6.1.1 Recrjstaliizatioa 

In this method the impure substance is dissolved in a suitable solvent (at its 
boiling point), and then allowed to cool at room temperature. During cool- 
ing , the pure substa nce crystallizes out froin the soMion^was tjle ^puii- 
tics remaiu dissoivt^ lb tbe solvent. To obtain purification according to diis 
methodraTw^®''^ be found because the process depends on t^ 

differential soiulbtiity of a substance in the hot and a cold sbryent. It is bl^ly 
^irabia that tlie substance shouTSTtave a high kiTubiUty In th e hot solvent 
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but low solubility in the cold solvent. Sometimes & mixture of two solvents 
may havejto be used. Sa mples o fter^contam some colored impurities which 
can be remrwd duri ng^recrystallization. To do tWs/a small amduhTH 
'^Molorizing carbon or Norit is addeif'td'thc solution of the substance, and 
the solution is refluxed for 15 min and then filtered hot. In a rccrystalliza- 
tion, the crystals from a hot solution should commence to appear as soon as 
the solution is allowed to cool. However, if this does not happen, one may 
have to resort to some other means. This may include cooling the solutioi ' 
in an ice-bath; scratching the sides of the container with a glass rod or add- 
ing a crystal of the compound. This last method is called seeding. If all 
attempts fail, then probably there is too much solvent, so part of it is 
removed by boiling. In general, tw or more rccrystallizations may be 
needed to obtmn _a satisfactory purificationT ’ 

6.1.2 Fractioaai Crystallizatioa 

This is a useful method for the separation of a mixture of two compounds 
which differ only slightly in solubility. A typical exitotplc is the separation 
of enantiomers of an optically active compound. The process resembles 
recrystallization in that the soluthm of the mixture is allowed to cool at 
room temperature, whereby one of the components reciystalli7e.s out 
preferentially in a large proportion. The mother liquor is concentrated until 
crystallization occurs. The crystals are removed again and components 
of reasonable purity are obtained. This method has its own drawback as it 
is time consuming. The process can, however, be speeded up if pure crystals, 
preferably of the less soluble compound are available by a process known 
as seeding. 


6.1.3 SobUmalion 

This is a useful method for the purification of those substances which have 


sufficiently high v apor .J!r«siu.r§.ajd pass directly from the solid to the ^ 
■vapor ph^. The vapor pressure of such substances reaches 760 mm, the 
^inosj^eric pressure, before the melting point ts reached, The substance 
then on heating at i atm, will pass directly to the vapor phase at its 
sublim ation tem peratMS. The substance is often heated under redjSu^T 
pr^ure. The vapors come in contact with a cold surface and soliffify. 
This method is used in the ''.ommcrciai purification of several organic 
chemic als; some examples are rca'rbdn ^ioxrdc" *(mp 
hexaciiloforthane (mp 1 86, v.p. 0.780 mmj, nap hthalen e (mp 80, v.p. 7 iffai), 
campEof^BapTO, v.p. 370 ram), etc. ' | 

i 


6J METHODS FOE THE PURIFICATION 0F*UQUI1M1 
Entirely different methods such as dUtillation , counter-current extraction. Of 
fractional Dc^ ng are available for tEe^jaraUon and purification ofliaaidt- 
Anong these, &Uilation is the moit cranmoiit 
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Qhromatographic tecbniqucs, to be discussed in the next section, are also 
applied both for liquTdsVnd solids. DhtiUaiion may be described as the partial 
vaj)ori2afio¥ of a'^'ui^'flic'carrying over and the condensation of these 
vapors ih¥ dilfeir^t'part of the distillation apparatuj, Various types of 
distillation techniques arc used by an organic chemist, such as simple dis> 
till^ion, fractional distillation and steam distillation. 

«.3 CHROMATOGRAPHIC METHODS '' 

A widely used technique fur the separation of a desired compound from its 
impurities or a mixture of compounds into its components is chromato- 
graphy. The name to this technique was given by the Russian chemist, 
Tswett at the turn of the century, He used it for the s<^aj;a^i)n c colored 
compounds (Chroma, c olo rl. Analogus to extraction^ chromatography also 
depends oh the principle ol* phase distribution. In this technique the com- 
ponents of a mixture are selectively adsorbed on a stationary phase and are 
then dislodged from it by a second mobile phase. 

Various types of chromatographic methods arc classified according to 
the physical state., <n’ 'ht different phases involved, i e. stationary and mo- 
bile. The mobile phase can be gas or liquid, while the stationary phase can 
be solid or liquid.^ When the sepaiatToiTinvolves partitioning between two 
liquitTphases (one of them adsoibed on the s»>liJ phase) then it is lefcrred 
to as partition chromuio^riiphy or liquid-liquid chrimatugruphy. Those in 
which sidtd-Iiqutd intcractirms lake place arc classified as Column Chroma- 
tography, high pressure liquid chromatography and ion exchange In gar 
chromatography (glc), on the other hand, the mobile phase is a gas while 
the stationary phase is a liquid coated on a solid. 

Gel chromatography or gel filtration is a case of an exclusion chroma- 
tography in which the solid phase is a gel and sepaiation takes place on the 
basis of molecular skes. 

6J.1 Column Chromatography 

^ In this type of chromatography the separation is effected by adsorption on 
a solid phase. Several types of interactions that cause interactions of the 
molecules with the solid arc hydrogen bonding, van dcr Wuals forces, 
electrostatic interactions. A cylindrical glass column of the type shown 
in Fig, d.l is employed to separate a mixture bycolumn chromatography. 

.To pack a column, first clean it thoroughly and dry. Now posiUon it 
vertically on an Iron stand with the help of a 'amp. Close the stopcock 
and fiU tho column with an appropriate solvent. Insert a small {dug of glass 
wool with a rod to the bottom. Pour some dry sand so that it forms a t-cm 
on the top of the glass wool. Add slowly aiumtna or a slurry (it is 
silica) on the top of, the column with constant tapping the stdeaofthe 
column. Open the stopcock and allow the solvent to drain oat simultane- 
ously at a rate of 1-2 drops per sec. When all the adsorbent hat been mided, 
introduce more sand to font a 1-cm layer at the top of the silia layer. 
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Fig. 6 1 A Packed Chromatographic Column 


The column is now ready for use The adsorbents of common choice aic 
alumina, sikca gei, ceHolosc, charcoal, etc. Several considerations govern 
the choice of an adsorbent, it should be insoluble in the solvent and must 
not react with the substance to be separated. The sample v. then token a 
i^unum amount of a solvent and introduced from the top of the coluim 
'7® a suitable solvent (mobile phase) is allowed to percolate through »hi 
column. The process is known as elution. It is customary to use a relatively 

The adsorption depends on both be 
natare of the wlvent and the adsorbent. For eflfective,scparation the eludns 
solvent must ^ significantly less polar than the components of the mixture* 

iLTrfS *!!l^S** strongly adsorbed than the compo. 

nuts of the mixture, the components will remain in the mobile phase ^ 
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little, if any, separation will take place. It is also essential that the mixture 
is soluble in the solvent, otherwise it will remain permanently adsorbed on 
the adsorbent. Polar solvents are used for eluting strongly adsorbed com- 
ponents while non-polar solvents are used for weakly adsorbed components 
of a mixture. An approximate order of increasing polarity of some 
common solvents is as follows: petroleum ether, hexane, carbon tetra- 
chloride, toluene, chloroform, and water. A mixture of two solvents may 
be more useful for separation in many instances. 

6.3,2 Thin Layer C%ronatograpby (TLC) 

Thin layer chromatography involves the same principle as column chro- 
matography. It is a form of solid-liquid adsorption chromatography in 
which the stationary phase is spread on a giass plate. Izmailov and Sbraiber 
in 1938 developed this technique. However, it was due to the efforts of 
Stahl (1958) that his technique was ultimately accepted as a new modem 
technique of analytical chemistry. This method is simple, rapid in separation 



PiATt TANK Plate 


Ftg, 6.2 A TLC Plate and Tank 

and very efficient. There are different ways of coating the glass plates with 
the adsorbent such as pouring, dipping, spraying and spreading. Tbe solid 
adsorbent is spread in a thin layer (.0 25 mm thickness) on a glass plate 
with the help of a spreader. Among the adsorbents used, silica and alumina 
are most common. It is also more finer and is mixed with a small amount 
of “binder”, so that the adsorbent docs not flake oil on drying 
the plate. The sample is applied as a solution in a non polar solvent at 
one end of the plate in the form of a symmetrical spot (use a syringe or 
a capillary tube). It is often necessary to repeat thi.s process in order to 
get several milligrams of the sample on the piatt The plate is dried and 
then placed in a chamber saturated with the solvent. Solvent for development 
is selected on the basis of the nature of the components. The various 
components ate then separated depending on the preferential adsorption 
<Mi the plate. After the solvent has moved a distance of approximately 
10 cm^ on the plate,* it is taken out of the chamber and dried The 
deletion of spots on thcdiromatogram is easy for colored compounds. The 
colorless compounds can be visualized by a number of reagents. For ins- 
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tance, sulftiricadd.KMnOt solution or /Mtoisaldehydecan be sprayed on 
the ^te and the spots are revealed as colored compounds. Iodine is another 
reagent which is widely used. In this case, the plate is placed in a 
closed container containing some iodine crystals. The iodine vapors are 
adsorbed into the areas of the plate containing the organic compound and 
brown spots doe to the formation of iodine charge>transfer complexes 
appear. Sometimes exposure of the plate to uv light permits location of the 
•pots for compounds that fluoresce. 

Under a given set of conditions (adsorbent, solvent, thickness, etc.) TLC 
can be used for identifleation purposes also. For this purpose Rr value 
which is the ratio of the distance travelled by the substance from the origin 
to the distance travelled by the solvent from the origin is measured 
Distance travelled by t he substan ce 
^ ‘ Distance travelled by the solvent (roiii’t 

6.3 3 Paper Chromatography 

Paper chromatography is similar to thin layer chromatography In this 
technique a s mall spot of the sample is placed near one end of a strip of 
filter paper. The paper strip is suspended in a jar m such a way 'that the 
end ofThc paper stup is immersed in the developing solscni. In this c«isc a 
distribution takes place between water (adsorbed by the filter paper to an 
extent of 20" „) and the mobile solvent. It is f«>r this reason it is aKo n-ferred 
to as liquid'hqmd partition chromat^rahhy. I he ditfercot comp»)unds may 
be identified by calculating the Rjr values. Paper chromatography is useful 
for pohr molecules Jike amino acids. The individual sampfes oT ammo 
acids are visualized hy spraying viltK ninhydrin s^ilution (0 solution in 
95,', ethanol} and blue-violet colors are produced The color forming reac- 
tion takes place as follows: 
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Most of the amino acids give blue color (except prolme which gives a 
yellow color) it mdRcales that ‘the coloreif product formed Is the same 

6.3.4 Ion-Exchange C'hromatography 

lon-e\changc resins arc polymeric substances th it contain polar groups and 
are capable of exchanging their groups with (he ion of the solution of an 
electrolyte Now.ida>s a large range of lon-cxthangc resins have been deve- 
loped These are usually prepared bv copolymcn^ation of styrene and divi- 
nylben/cnc which results in a highly cross-hnked three-dimensional net- 
work This IS then subjected to substitution reactions resulting in the 
introduction of functional groups These functional groups tan be strong 
acids (sulfonic acid, carboxylic acids and phenols) or strong bases (quater- 
nary ammonium hydroxides) Ion excha.igc resins are often classified as 
cation or anion-cxchange lesins depending on whether a cation (H"*", Na+, 
NIl,^. etc ) from atidic groups or their sdts, or an anion (Ch, OH”, etc ) 
from a quaternary salt group is exchanged Thl^ technique ts used similarto 
column chromatographs 

6 4 ESI IMA I ION Ol* ELEMLN fS 

The quantitatixc anahsis of an orgmit compound is essentially the most 
impi'ttant step in structure dcterminatiop We will describe hnefly the prm- 
I 'pics of scxetal meth'Hls. without g ung into the experimental details. 

6.4.1 Carbon and Hydrogen 

These two elements .ire estimated b> the method of Luhig tinJ (kj} -I usuu 
III this method, an organic compound 'S subjected to combustion at 700- 
in the presence of copper oxide 1 he pioducts of combustion, namclv 
catbon dioxide and water, arc swi.pt along with a stream of dry nitrogen 
and absorbed in tubes containing potassium hxdrox’de and calcium hydro- 
xide rcRpectively. I rom the amounts of CO. and H.O absorbed, the 
percentages of caibon and hvdrogen arc calculated 

C-H2CUO ►COji 2Cu 

& 

4H 2CuO :Cu 

Weight of substance taken h g 

Weight of carbon dioxide formed w, g 
Weight of w.xter formed w, g 

Wei^t of carbon in the sample -- 1 2 '44 ■< w, 

“o Carbon iif the sample 1 2 '44 v w , 100 w 

Weight of hydrogen in the sample 18 w 
% Hydrogen m the sample 2, 1 8 s w j lOO/n 
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The amount of oxygen is difficult to determine dia*ctly, it is often 
cMiculatcd by difference. 

6 4.2 Nitrogen 

Nitrogen, in an organic compound, maybe estimated by either of the follow- 
ing two familiar methods. 


(a) Dumas Sft'thod: A weighed amount of the nitrogenous compound 
is mixed with cupric oxide and the mixture is heated in an atmosphere of 
carbon dioxide Nitrogen gas is produced, which is collected in a nitrometer 
and Its volume measured. The corresponding temperature and pressure arc 
also noted. It is also necessaiy to know the vapor pressure of water under 
these conditions, which should be .subtiacted from the measured piossure, 
to determine the pressure duo to nitrogen only. 

Weight of the sample h g 

Volume of nitrogen evolved -- V ml 

We know that 22 4 lit of any gas weighs equal to its molecular w'cight at 
normal temperature and pressure Convert the volume V of nitrogen to 
N T P and assume it is equal to I , l-or nitrogen 22,400 ml of N . .'X g, and 


r, ml of nitiogen 


:.s f, 


This is equivalent to the weight of nUrogen in the sample 


" Nitrogen 


28 ^_r, 100 

2^400 H 


(b) kfeldohVs MvthuJ The estimation of nitrogen is trcquenlly earned 
out in the laboratory by this method. I he sample is digested with measured 
quantity of cone, ^ulfuric acid and a catalsst [a mixture of potassium sulfate 
t20g). 'tknium powd. r | Ig> and cupric sulfate, {’USO 4 . 5 H.O, (2g)j During 
digestion, the lomjiound is conveitcd into ammonium sulfate Then, an 
excess amount «if sodium hydroxide solution is added and ammonia ga$ is 
steam distilled and ahsoibc J in excess standard sulfuric acid solution The 
remaining acid is back-titrated against standard sodium hydroxide solution. 
Ihe percentage of riitrog«.n is calculaud as follows; 

Weight of nitrogen containing compound u’g 

Volume of 0 J N IffSO, taken 50 ml 

Volume of 0 1 N NaOH icquired to hack titrate excels H,S 04 I-'ml 
Volume of 0.1 N H, SO, used for reaction with the evolved ammonia 


w (50 - * ') ml 
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(50 -K) ml ofO I N H,SO, -(50 ml of 0.1 N NH3 
1000 ml of 1 N NHj=17 g of NH, or 14 g of nitrogen 
lOOJ ml of 0 I N Nlf, corresponds to 1 4 g of nitrogen 

(.50—1'^ ml of 0.1 N NH, corresponds to ^ ^gof nitrogen 


'*„ Nitrogen 


(50 K)xl.4 100 
lOtO ^ tv' 


6.4.3 Halogens 

Halogens (Clj, Br,, 1,) arc estimated by the Carius method. A weighed amount 
of the substance is heated with fuming nitric acid and silver nitrate 
solution in a scaled tube, known as the Carius tube The halogen is conver* 
ted to the corresponding silver halide whah is washed dried and weighed. 
The percentage of halogen is calculated as fvillims: 

Weight of the sample - w g 

Weight of Sliver chioiide formed -H' g 


143 5 g I log 15 *') of \gf 1 contains 35 5 g of C'blonne 
ts 5 

H g of Agn contains it of chlorine 

35.5 It 100 
143 .^ "m‘“ 


'' . ('hlorine 


. SO H' 100 

similarlv ”, Bromine -- — x — 

IS{v M 

where If', is the weight of AgBr. 


6 5 l)ETERMIN.\TION OF \IOLECUL.4R WEIGHT 
'1 he molecular weight of a substance is defined a.s the number of limes its 
molecule is heavier than that of a hydrogen atom. Depending on the nature 
of the compound, the following two methods are employed for its deter- 
mination. 

6.5.1 Victor Meyer's Method 

This method is employed for volatile liquids. A known quantity of the liquid 
is volatilized in a Victor Meyer tube. The volume of the vapors evolved is 
inea.sured and then reduced to N T P using Bo. 'e’s law. 

Weight of the liquid- h g 
Volume of vapor at N.T.P.--r ml 
F ml of the liqu|d corresponds to w g 

22,400 ml corresponds t»( g 

which is the molecular weight of the liquid. 
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6.5.2 Depression of Fieezing Point 

This method is useful for non>volatile solids. A known weight of the com- 
pound is dissolved in a known quantity of a suitable solvent ofknown melting 
point (such as camphor) and the melting point of the mixture is determined. 
The dilTcrencc in the two melting pointsyields the depression in the ficc/ing 
point The molecular weight (m) is given by the following expression • 

100 sA/Xw 

~ 'M“. '& I 

where Kf is the molal depn-ssion constant 
w --weight of the compound 
fF'— weight of the solvent 
AT depression in freezing point 


6.6 DETKRMINVTION OF EQUIVVLENT WEIGHT OF VN .VCID 
AND BASE 

V'olumetric or gravimctiie methods may be employed to determine the 
equivalent weight of .in acid and base. 


6 6.1 Volumetric Method 

This method is applicable both for acids and bases \ weighed .iinount of 
.in acid or base is dissolved in water (ot aqueous ethanol ci diox.inel and 
thcii titrated against a standaui solution (T a base or acid solution, us the 
case may be The molecular weight can be calculated fiom the cquivaieni 
weisht 

Weight of the acid w e 

Suppose 1 ml of 0 1 N NaOlf is needed to neutralize m g of the acid 
liHJt) ml of 0 i NaOll wni lequire I* 1? 


intM) m! of IN N.iOll will require 


lIMg) 

I < 


w ■ 

O.l 



where N is equal to unity 

This is the cqaivalcnl wciohl of the acid, the molecular weight is obtai- 
ned by multiplying it with it« hasuity which is equal to the number of 
hydrogen atoms which will read with .i base. "I he molecular weight of the 
base is evaluated sirnilaily 


6.6.2 Silver Salt Method (l ot Acids) 

The amm mium salt of a carhrixylic acid is converted to its silver salt using 
silver nitrate solution I he silver salt of the acid is ignitbd which leaves a 
residue of metallic silver while the carboitaceouH materials are volatilized. 

A 

RCOO-Nir«*- AgNO, ►RCOC> Ag+ NH^NO, 
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Weight of siUcr salt - w g 
Weight of metallic silver u, g 


1 quivaicnt weight of thcsilvci salt Wuglil ot siKlt salt 


1 quivaleiJt weight of silver 


Weight of Sliver 

I quivalent weight of silver >alt 

Vv 

»n 

lOS 


1 quivalent weight oi the acid - j 

[ - 

[iv, 

108 j 

107 

Moleculai weight ot the acid — 

f H 

< iok| - 

107 j “ hjs Lit\ 


66 1 Chioroplatiuic Salt Method (1 or Bdse>t 

Ihis method IS btsed on the ta».t that organic bases, tor instance amine*, 
leact withchloroplatinic acid (H.PtC I,) to \\ rm \k ‘’kt soluble chloroplali- 
iidtcs ot the gtiicia. turmula U_H^Pt( l„ IhwSi. sa'ts tasilv decompose on 
he iting to vicid met illic platinum 

Wi.u»hl ot ihc pi iiinum salt taken w g 

Wui'ht ol pi iliiium oh’ain. d - ii|g 

Mokuilir Vvight ot ths 'all '/t 4 It' 

when fi repn cents the equivalent weight ot th ba'c. 


W< ic'hl of pi tiinum Xtoinu v'viglu ot pi niiiuiii i '^''i 
Wught ot pi itinum salt Mol cul ii w..iglu ot salt 


Mokculai woigif of salt . 


t‘>5 n 


2B 410 


lys M 

»»i 




Since fi reprt Slots the equivalent weight of U basi, its inoKeular wiighi is 
i>htaincd by multiplviag it with its aeidil) 


6’ ( VLCULATION OF EMPIRICAL AND MOLECl LAR 
FORMl'IA 

Ihc empirical formula of a < ompound is eu scribed as the simphsi lormula 
which gives the latto in whole numbers, in which the different sKm^nts are 
present \foh't u far formula represents the ueiual nunibei ofd ff«.ient itoins 
ptesent iQ the molecule These two have the following iclationship 
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Molecular futmula - (Empiiical formula),, 

where // Molecular weight 

bnipirical formula weight 

This can be illustrated b> the following examples. 


(>.7.l An organic compound 00 analyMs gi Vis C 41 35"„; H -6.S9^„and 
N=24.12‘'o. Determine its empirical formula 


ilement 

Percentage 

composition 

Atomic 

weight 

Relative number 
of atoms 

Simplest 

ratio 

C 

41.35 


41.35 


3 44 

12 

12 

.3.44 

1.72 “ 

H 

6 89 

1 

6 89 

■ r 

- 6 89 

6.89 

l.W ■' 

N 

24 12 

14 

24.12 

14 

1,72 

LI- . 1 

1 72 

0 

27.64 

16 

27 64 
"16 

1.72 

1.72 

1 72 


fhv percentage of oxygen was obtained b) dillercnec. 
The empirical formula is C,H*N() 


6.7.2 An organic compound comatns'C 52 17o,H I3 0^„.() 34.4H 
Iti vapor d^nsils is 22 9 (.aleulate its molceuiar foimuia. 


Llemcnl 

Percentage 

Atomii 

Relative numbei 

Simplest 


tonip..>siiion 

Weight 

of atoms 

ratio 

C 

52 17 

12 

52.17 

12 

^ 4.34 

4.34 

2715 ‘ 

li 

13 05 

1 

1 

1 

13.05 

13.05 , 

i l '5 * 

o 

34 4X 

16 

.34 48 
16" 

2.15 

2.15 

2:15 ' * 


Empirical 1 ormuU is C,H,0 

Empirical formula weight 46 

Molecular weight of the compound 2 vapor density 

2x22 9 
. 45 « 

45.8 46 

iV- 6 ‘t6 ~ 46 ‘ 


Moltinilar fomiiilu fr* 14 rst 
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Sincs n I, thertforo tin, molecular formula is also C^HjO 


67 3 AO 234 jr of oryinit tompouml umiaming riiUogen v»aN K|cldah- 
li/td and the ammonia gas evolvul was absorbs d in 90 35 ml of 0 1 N HCl 
The unussd acid rsquiied 20 00 ml of 0 2N NaOH loreornpletc neutrali/a- 
iion ('alculatc the pspeemtige i>f nitrogen in the sajnple 


Assume the solume of H( I unused 1 ml 
. 1 0,1 2(MX) 0 2 

or 1 40 00 


Volume of aeid used VO 35 40 (M) vo 

Using the relalu'iiship in bec 6 4 2b 


' N 


14 

KKMi 


30 IV 0 I 


100 
0 234 


?0 '2 


6.7 4 An oi}> live aeid, on analssis gave the f‘ Ihiv me result ; 0 I g of the 
aeid on eoinbustum \ulded 0 2'''’ gofC()_ and 0 0444 g of 11^0 \0 122 g 
^ample of the aeid roquiud fO ivl of 0 f N „!l>.tli ti r eompU’e neUtral a 
tRsn ( akulale the m deeular formula 


( 


12 

44 


232 


100 
0 I 


()S ' 3 


M 


IS 


0 044 


UK) 
0 ! 


4 SV 


O (B\ elirteTenei ) 2(* '9 


I mpiiieal Formula obtained is t';H«0 ; Linpiiieal formula weight — 12J 
10 ml of 0 1 N alkali n.‘utrali/cs O |22 g of (he aeid 


I 


I N „ 


o 122 
10 


10 


lOtK) IN,. 

n 122 r 2 I 


0 122 lU 10 . Utio 122 


Iheiefote, the mole'tuiar formula (. tHbOj 


67 5 A monoacid organic base* on anal) sis yielded the lolloping results 
0 1 g of the base gave 0 28 g e>f C Oj, and 0 075 g c*f w..tei and, 0 2 g of the 
base gave 21 H ml of nitro‘*en rouasuied at IV'C and '(lOmm.O 30 g e'f the 
platinic chloride left on ignition 0.093 g of platinun 3\hat in the mokeulai 
formula of the base ? 
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\C = I2,44\0.28 . 100,0.1 76,.16 

2/18x 0.075 slOO/0.1 8.1.^ 


28 ■'21.8,^ 100 
24000 ,v 0.3' 


1.^.0^ 


(22,400 ml is volume of ono mole nitrogen at \ T.P ]. 
r mpirical fonnula t»btaincd is C;H,\ Using the relationship on p. 1 17, the 
molecular weight of the b.ise is given In: 

1 ' 0 t T I 

^-=2[ 0 09t 

B 109.5 

M -- 109.5 '107 i 


Molecular formula CjlUN 


6.8 SOLVED EXAMPLES 

The prevmus section was conciined With the deUrminaiiori of the mole- 
cular formula I'f the conipe>und. The elucidation »'f the actual struv.ture of 
the compound could become co.iiplicakd, but could be solved a sound 
knowledge of chemical r. aciums .Several representative examples will bs 
worked out here to make tlu student familiar with the procedure 
6.8.1 Compc’und .A Cjofl.jO dovs not re.ict with bnunine, acetv I chloride 
or boding aqueous stxlium hvOroxidc solution. Boiling hydroiodic acid, how- 
ever. converts A into tw.> cMmpounds "B, C^H;1 and C, ('-H-I. B, can be 
hvdrol>2ed by aqueou, si'diuin hvdre>\id- to l7, t jlljOH, which does not 
.live a positive Lucas te-t (’, can be o\id:/cd toa eaibo.\vlie aciu,£,(. TllgO* 
by chroniK acid Assign siructuicsto the lettered compounds 

Since the compound does not react with any of the reagents, it is not a 
phenolic derivative Tbs reaction with ill aUo cveludi s an aldehyde or ke- 
tone. It is probablv an aromatic elh.r with the fidlowuig structure; 


CH, 


HI 

C.lLCHjCKJl.CHjCTIj 



vtjCM.r 


► CHsCH,C'll,I.C,lLCH,l 


B 


I 

aq Nat^H { 


Ui,CH*CHjOH 

D 


c 


I oxt 

i 

C,H,COOH 

E 


D, is a primary alcohol because it d(>es not respond to Lucas reagent 
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6.8.2 An organic compound A, contains C- 58.2%, H 4.2%andN- 8.2%. 
On heating with sodium hydroxide, it evolves ammonia but docs not undergo 
diazotizatiun or react with acetyl chloride. On reaction with sodium hydro- 
broinite, A yields an acid which dissolves both in base and in 

acid. What arc compounds A and B ? 

The empirical formula can be calculated to beC'iHsNOi, Since A cannot 
be dia/otized or undergo reaction with acetyl chloride, it docs not contain 
a primary amino group or a hydroxyl group It responds to the Hofmann 
bromamide reaction, therefore, it contains as amide group. Thus, A and B 
have the following siruelures 



CwNHj 

COOH 


Not » 



COOH 


A 


B 


6.H.i (.’ompound A, rcaet^ rapialy wuh ethanol to form a 

pleasant-MneUingsiibsianec, B,C,H,^0^ A, also reacts rapidly with water to 
produce an acidic substance, B. Bromine water reacts with B. to yield 
< B, on boiling with aqueous sulfuric acid, forms an acid C. with 

a neutralization equivalent equal to lOOil- When C is oxidized vigorously 
with peimanganate solution a new acid 1>. CiHjO,, andC'O, result. Carbon 
dioxide IS csolvcd on mild beating of D, along with E, C\M,0 which is not 
(’Xidi/cd by Tollcns reagent. 

I he first two reactions indicate that A is an unsaturated acyl chloride 
O 


HjC (CM/X'l 
CH, 


H,0 


C'Hj--CCH,COOH 

I 

CH, 


I < 

I 

CH, -CCH,C00C,H4 

I 

B 


Br 

Br ( 

-► CH.CCHjCOOC.Hj 

Br <:Hj, 


aq. H,SO^ 


O 


CH, CCOOH 
CH, 


C 


A ll KMnO. 

CHj<XH, CH,CCH,C'OOH+CO, 

E D 
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6.8.4 Compound A, CjHjN, is insoluble in water but dissolves rapidly in 
dil bydrochloric acid. When NuNO, >s added to the solution and the mixture 
warmed, a gas is evolved to produce a product 1J» which is insoluble 

in sodium hydroxide solution. On theothci hand, if NaNO, is added to an 
ice cold solution of A in HCl, and the resulting solution is treated with 
cuprous cyanide, a compound C, is formed. Alkaline hydroly.sis of 

C yields a sodium salt of an acid which oa fusion with noda lime yields to> 
luene. Write the structures of A, B and C. 

The first reaction suggeNt.*, that it is an aromatic amine and all the other 
reactions can be explained is follows. 


NoNO^/HCI 

ar 


CiHsfH, 


wornn 



Cl “ 

NoMOj/HCi 

(X' 

Hydrol^ 

1 

a"’. . 

A 

CoC^ 




( 


'''• CO'iNo 

6.8.5 An Organic dibasic acid A, yielded on 

analysis C 

--57.8%:H .U' 


Its silver salt contained 56.8 silver. On heating it forms a compiiund B. 
C,HiO,. which reacts with (NHjltCO, to form anothei compt'und C, 
CjHjOjN. Compound C forms a potassium salt with alcoholic KOI I and a 
compound I), on tiearmcnt with alkaline \'a( K) Compound 1>, on dry 
distillation with soda lime forms aniline (Ji\c the structures of A. B, (. 
and D 

The empirical lotniul-i of A is C,ir,0,, Using the lelaiionsliip on p 117. 
(he molecular weight of the .icid 8^^'” ‘ ^ 

n 166 Xt 2 

Molecular formula C,H,() 
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6.8.6 An alcohol, A (vapor density 30) gave on dehydration a hydrocar- 
bon, B, containing C, 85 T„ and H, 14 3"(, B, on successive reactions 
with hydrogen iodide and moist stiver oxide gave, C, which is isomeric with 
A hen C was treated with phosphorus pentachloride, D was obtained which 
contained Cl, 45.2% hxplain these reactions and assign structures to A, B,C 
and D. 

Since alcohol A has a molecular weight of 60, its molecular formula would 
correspond to OH) On dehydration, an unsaturated 

hydrocarbon IS obtained which containc C, 85 7". and H, 14 3%, there- 
fore, the stMutiirc' are 

H- HI.AgOH 

C’U»CHjCH,OH LI1,CH'-CH. ► CH-CHCH, 

n.o I 

A B OH C 


1 

i 

CH.CHCH, 

Cl 

D 


6 87 An <dcolv>| A, on treatment with cone sulfuiicacid gives an alkenc 
B 7he compound B, on bubbling through bromine-water and subsequent 
dehydrogenation with excess sodamide yields a new compound C When C 
IS treated with warm dilute sulfuric acid in the presence of HgSO«il gives D 
Ihis com(K»uiid (Dlcan also he obtained cilhei by oxidizing A with KMn 04 
or flora acetic acid through its calcium salt Identity A, B, C and I) 

Siucc calcium salt yields compound D. it is acetone, according tci the 
following reaction 

cH,coo ocx:t:H* ch, 

\ / Heat \ 

Ca Ca — s 2 C^O-t-XaCO. 

\ / 

CH.tOO tXx:CH, CH, 

Compound I) is alternatively obtained by oxidi/mg A, therefore, \ ts 2- 
piopamil The following reaction sequence thus : ' *ntiflcsthc compounds 


t onc.HjSO, Br 

CH,CHCH, ► CH,CH- CH, — ► CH,CHCH,Br 

I I 

OH B Br 

A 

NaNH, HgSO, 

► CH,C'-sCH ► C'H,CCH, 

H,o B 


O 
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6.9 SPECTROSCOPIC METHODS 

To ascertain the structure of an unknown organic conjpouad, whether 
obtained by a synthetic process or from a natural source, is a tundamcntal 
operation in chemistry. Dfflercnt ph> steal constants such as m p , refiaclivo 
index, etc. can be determined, but such data may be employed only for charac* 
tenzation and elementaiy identification of an organn. compand. .\ direct 
elucidation of the structure after preliminary investigations have been made, 
involves a consideration of its physical properties The most useful physical 
property for this purpose is spectia. Spectroscopy has become a useful tool 
for structure determination It may be described as a technique whereby we 
measure the ainout of r.idiatioii absorl>ed by a substance at vaiious wave- 
lengths, from the spectra useful mtonnation about the s'riiclure of the com- 
pound can be obtained Different types of spectrosct>pic techniques arc avail- 
able nowadays. Though the mechanism of abscirption energy differs in the 
I r u.\ and n.m.r regions the fundamental prooccss invvdvcs the absorp- 
tion of certain amount of energv. Tlu energy (£,') absiubed by a molecule is 
related to the frequency of clccfromagnctic radiation anti is given in E 
where /i is the Planck’s constant (ft 624 10 erg stc ) and s is the fie- 

quency (in cyclcs'sec . cps) of radiation Ihe frequency is related lit wave- 
length by the expreession v ( ' X where ( is the vchieiiy of light (2 W'< ■ 10'“ 
cm/sce (and X Is wave length in emt There aic many ft>i las of radiant energ' 
and a wide range of high eiuTiV lays atone end tt> ladio waves at the other 
end c*'r.stituUs thi electromaynetK spccfiutn The region, that interest an 
organic chemist arc the ultraviolet ('’U00-40()0 A), the visO'le f4000 H0t)0A) 
and the infrared (2 5-l.^uJ, where 1 u* 10"* cm 1 hespectioscopic methods, 
as w'ill be seen in tho section, possess manv advantage over the cheiiiicai 
methods of analysis Spectroscopic methods tequirc much less time, requite 
onlv a small amount of the sample which iti many ca.ses remains unchangevi 
during analysis and. above ail, these methods aic inoie 'cliable 

In this section an intioductoiy account of the spectroscopic techniques, 
namely uv, ir, and nmr will he given ihe purpose is to make the btudeni 
aware of the immense utility ot these methods for structure determination. 

6.9.1 Ultraviolet Spectroscopy 

The ab.sorption of radiation in the ultiaviolet and vi.siblc region of the spect- 
rum depends on electronic stiuvturc of the molecule. Absv*rptioii of energy 
by a molecule results iri the excitation of electrons from low-energy orbitals 
in the ground state t«) the high-cnergy orbitals Alt molculcs, however, do 
not absorb energy in the readily accessible portion of the uv region .4s a 
consequence uv spectrometry for the mo>t pait is limited to conjugated 
systems which absorb at more convenient wavelengths. The ultraviolet region 
of the electromagnetic spectrum extends over the wavelength range of 2000- 
4(XK) A (1 A I0“* cm) or 20()-4<J0 nro (1 nm 10"^ cm). The magnitude 
of the energy required forelectronic transitions is of the magnitude of bond 
streogth.s, j.c. 70-300 Kcal/mole. 
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The absorption of energy by organic molecules in the uv or the visible 
region involves the excitation of electrons in o, k and n orbitals from the 
ground state of the higher-energy states. Thus, the absorption of light from 
a re-bondingto a 7t-anti>bondiiigoibilal is teferredto as tc-jt* transition. The 
anti-bonding orbital is designated by an asterisk:. For instance. 1 ,3-butadiene 
has an intense absorption band at 217 nm (u>uuil> written as 217 nin, 

I c wavelength of m.iximuni ubsoiptioni 

HjC CH— CH=(H. 

X„„ 217 nm 

This results fiom the excitation ofan election fiomie, ton^ a, ^-Un.saturated 
carbonyl compounds have absoipti-m that icsemhlcs the corresponding 
dienes. Such spectra aie interpreted m the same manner as fansition of an 
election fiom ’t, to -j 



C = 
I 

CH 


0 

) 


240 nm {r. Old ^1‘) nm (/i-t-nM 


\s IS evident iVoni thvii striictuus caibonyl groups have another ahsorp- 
lion as^oc•lated with the lone pair of electrons on the oxygen atom and such 
a transition is designated asn-sr*. It gcnciallv csetuisai longer wavelengths 
In order to obtain useful mfonnalion fion. ihc ultravuikt spectrum of a 
compound, the Am,, and the intensitv of db'Orption must be measured accu- 
rately. Absorption intensity is expressed m leint' of the molar extineticm 
coefficient defined by the latio of the logatithm of the iruident light mten'ity 
and the transmitted light intensity is proportional to the number of molecules 
in the light path Expressed mathematically 

log /„// «CI ~ 1 

where 7, is the intensity of incident light; / intensity of transmitted light, r 
molor concentration of the sample; / length (ii c*ntiinctfcs)orthcpathof 
light beam that passes the sample cell; r molar extinction ciscfficicnt; and 
A observed absorbance at a particular wavelength. 

The molar absi.rptiviiy also refer red to as the molar extinction ax‘fficicnt 
relates the observed absorbance A to r and 1 The magnitude of molar ex- 
tincticvn coefficient fair a particular abs irption is directly proportional tcv 
the probability of the pai tic itlar electronic transition. On irridiation with 
ultraviolet light the more probable a given transition the larger the extinc- 
tion coefficient. 



126 A Textbook of Organtc Chemistry 


The compound is usually dissolved in some suitable solvent that itself 
docs not absorb light in the region under investigation. The most suitable 
solvent in uv spectral determination is 95“., ethanol. The modern spcctrti- 
meter is designed to record the spectrum of light and consists of (1) a light 
source (2) monochromator (3) sample cell (4) photoelectric amplifier and 
(5) a recorder. The spectrum is obtained in the foim of a graph which is a 
plot of the absorbancjiLof light at each wavelength versus the wavelength of 
absorption. 

A few terpif, usually used in the discussion of electronic spectra may 
be dcscn|>TO here If a functmnal group which is not in conjugation with 
anyotfJer group exhibits absoiption in the uv region, it is termed as a 
ch^mophore. A group that does not absorb itself is called an auxochrome. 
A shift of al»orption to a longer wavelength, due to substitution or solvent 
effect, IS called the bor/rot /iromiV tA//t and a livpsoefiromic shift in\o\vcs 
absorption to a shorter wavelength 

6.9.2 Infrared Spectroscopy 

Organic compounds abs<>rb light energy m the visible and in the uv region 
of the electromagnetic specti um. Oi game molecules alst> ahsoi b energy in the 
infrared region of the spectrum, but infrared radiation does not have adequate 
energy to cause excitation of th. molecule, instead it causes the atoms and 
groups of organic molecules to vibrate along the covalent bonds that link, 
then together Since the vibiafions arc quantized the molecules absorb 
infrared energy in particular region of the spectrum 

The operation of the infrared sepectromctci is similar to the ultraviolet 
spectrometer A beam of radiant light is passed througli the sample and the 
spectrometer plots the results us a graph in iieattiig absorption verswr fie- 
quency oi wavelength. From the spectrum so obtainctl, the location of the 
infrared absorption bond can be spexTified either m frequency units or wave 
numbers (v) measured in reciprocal centimetres <cin ■^) or bv it' wavelength 
fX) measured in micrometres (f*m) 

^ 1 X (X in cm) 

or V - 10,000/X (X in um) 

The frequency of absorption depends on the relative rnasscs of the atoms, 
the force constants of the bonds and the geometry of the atoms A n|olc- 
culc is not rigid, but can vibrate in a number of ways. A molecule call be 
considered as resembling balls of different masses corresponding to the 
atoms in the molecule and springs of varying strcngtlis corresponding to the 
chemical bonds of the molecule. In a molecule, there Sre two kinds of vib- 
rations: stretching, in which the molecule vibrates back and forth along the 
covalent bond and binding, in which the vibrations involve changes in bond 
angles. A m>n-linear molecule that contains n atoms has .3/i 6 poi*sible 



Purification and Structure Determination of Organic Compounds 127 


rundaincntal vibrfttional modes that are responsible for the absorpsion of 
infrared tight. 




SyniinctiK stretching Asymmctiic vibrations 




Scissoring Rockinr 

In plane bending vibrations 


fhi pi ecisc location ot bands cniiespsindlng to the isso modes of vibra- 
ii‘>ns. of course, depends on the stmcUiic of the entire molecule .Mhnole* 
cuiai \ihr.iiions do not occur in the absoipiion of energy. In older foi a 
Vibration to occur, the dipole moment of the mokculc must change as the 
vibration occurs Such movies of vibration, where a change in dipole nm* 
ment occurs with vibration me known as infrared acme. Thus symmetiical 
bvmds of (” (' (cthylcncs) and C C (acetylenes') do not result m this 
absorption of infiaied absorption m the sticKhing mode. The infrared 
spectrometer consists of (I) a souicc of radiation, (2> a cell containing the 
sample; (3) a photometer; (4) a monochromator: and (5) a detector. A com- 
mon source of infrared radiation is a Nernst glower which is heated elec- 
trically. The cell is gener.illv made of rock .salt or poussmm bromide as 
they arc relatively transparent in the infrared radiation Liquid samples are 
Usually examined without a solvent It is frequently desirable to determine 
the spectium of a substance in solution, and for this purpose a number of 
solvents arc available Solids are dissolved in suitable solvents which exhi- 
bit as little absoibance as possible in the spectral regivin, suchasC'CL, CS«. 
(HCVetc * 

The infrared spectrum of a polyatomic molecule Cvvnsists of a large num- 
ber of peaks and the spectrum alfoids a large amount of mformatkmaswill 
he illustrated by some examples. Table 6. 1 containing characteristic infrared 
absorption of functioiijil groups will be quite helpful 
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Table 6.1 Characteristic laftrared AbsorptloiH of Foncliooal Croups 

Functional Group _ Range _ 

u ( 10“^ cm I (enr 

C_H (alkane. 3.^8-^ 51 W?-:8! 


H'’ 

/ 

H alkenc. C C 

\ 

L HJ 


C — H (alkyne. — CmC — H 
C — H (aromatic) 

O — H (monomeric alcohols, phenoK) 
O — H (hydrogen N^miedi 
N — H (amines) 

I I 

— (' — (alkenc) 

— — (alkynei 
— (aromatic) 

umjnes, amides) 

C — () (alashols, carhovyhc acids, 
esters) 

(' ^afdchyde^s, ketones, carboxs- 
iic acid esters) 

C 'O (carboxylic acidsi 
C- O (esters) 
fl 

— C O (aldehydes) 

I 

— 'C a=aO (ketones) 

Y- Lactone 
NO, 

C~Br 

C—l 

%—H 


u (I0“^cmi 

Range 

(ciir*) 

a.tS-l 51 

296;-;851 


i(Mo-3o;o 

V03 

1300 

1,10 

1010 

2 74-?.8-» 

5h50.1590 

■'7-3.1; 

3600-i;00 

:,86-Lo: 

1^00-1100 

5.<»s-6.n 

1680 11.20 

4 57-4.'»fi 

2260 2100 

6 ;<-6 <>- 

1(^0-1500 

■» 

1 ■«W-105(> 

5 (^8-*: 9' 

17<,0 1690 

s 80-5 'JH 

t725-17<0 

5 71-5,76 

rso-ris 

5 87.5.95 

170^-1680 

5.80-5 g’ 

1725-1705 

5.62-5.Wi 

1 •'80-1760 

6.17-6.67 

1760-1690 

12.5-16.6 

800-600 

16,6-20 0 

600-500 

20 

500 

1.82..I 9? 

2600.2550 


Interpretation of spectra: An infrared spct,trttin is a plot of wavelength 
(in) or frequency (wave number) as abscissa and a function measuring c 
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absorption of the compound at various wavelengths as ordinate. This func- 
tion is the percent transmittance, i.e. 100, where / is the intensity of 
light passing through the sample and /« is the intensity of the incident light. 
The regions of maximum absorption therefore, appear as valleys in the 
spectrum. An infrared spectrum is usually complex because of the multitude 
of vibrations that cun occur in a molecule containing several atoms and 
bonds. The interpretation of the spectrum commences with the examination 
of the major bands (see Table 6 1). The region extending from 7p to ll/r is 
often rcfei red to as the jingerprint region of the spectrum. It is characteristic 
and unique for every compound and in this region, the spectra of two 
dissimilar compounds dilfcr. OnI> if the spectra of two organic compounds 
are completely superimpo.sablc does it indicate the two organic molecules 
arc identical Comparison of the spectra of unknown compounds with 
those of known comp.mnds can thus be a very useful technique for identi- 
licatjon of the unknown compound. 

I ct us consider the spectrum of 2-butanol. C’lljCHCHtCHa 

■| 

OH 

It shows .ibsorptions tiwing to C — O and O — H stietching vibnitions at 
1120 cm ' (S.92n) and .1350 cm * (2 respectively, in addition to the 



hydrocarbon chromophunc groups picsent. The strong ahs»>rption at 
.3350 cm-* (2.9Kpj is typical of the polymeric association of hydroxy groups. 
The non-bonded hydroxyl absorption peak is barely perceptible. If the 
infrared .spectrum is run as u very dilute solution in carbon tetrachloride 
the hydroxyl group strclchiog frequency is shifted to higher frequencies, 
due to reduced intermolecular hydrogen bonding. 


Figua’ 6.4 represents a spectrum of cyclohexanone 
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The C=0 stretching frequency appears at 1715 cm’^ (5.83pi). The 
position of maximum absorption is sensitive to the ring size and to the 
degree of coigugation. 



Fig. 6.4. Infrared Spectrum of Cyclohexanone 

Thus, in cyciopentanone, the C»0 group absorbs at 17,^1 cm-' (3.7l{x) 
i.e., at a higher wave number. In case of conjugation absorption occurs at 
a lower wave number for example, in methyl tolyl ketone, the C O group 
absorbs at 1675 cm*' (5.95 ji). 

6.9.3 Nuclear Magnetic ResoDance Spectroscopy 

The absorption of radio-frequency radiation by the nuclei of atoms termed 
as nuclear magnetic resonance (nmr) and this technique has proved to a 
powerful tool for structural studies. As the name implies, this form of spec- 
troscopy depends on the magnetic properties of the nucleus of an element. 

Ail nuclei carry charge and mass but nuclei of certain atoms also possess 
nuclear spin. A hydrogen atom, for instance, having one proton and one 
neutron each in the nucleus, has a spin number I 1 2, This spinning 
nucleus, may be envisaged as a spinning top with an axis passing through 
the center, tehaves like a tiny magnet and has magnetic moment. 


. jx Nucltcf 
4»poU 


prfc«sstonot 


Myd»‘ogtn nucifos 



NucUor magMtic 
dipolt 


^ spin of 

X 


^ HydfOgtn nucleus 
*Mo 


Spinning of a nucleus in a ntagnelic field • 

Wbea 3 compound containing hydrogen (protons) is jdaced in an external 
magnetic Aeld» H*, the protons may assume one of two possible orientations 
given by (2/-f 1) the two ortenutttons with respect to the external magnetic 
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field; the number of orientations being given by 2/ 1 . For nuclei with /- 1 f2 
as in the case of 41, ’*C, **F, etc., the orientations are two, one aligned 
with the field and the second against the applied field. This is shown in the 
following diagram. 



Jo 

r ig 6 ^ I ncigN ] tvcN of a Proton 


The former onentation is in a state <'f low energy while latter that of a high 
energy. The axis of the spinning proton, under the influence of the external 
field, piecesscs about the axis of the applied iK'Id, The frequency, <oo of 
precession is given by 

<“o ’YHo 2 nvj, 

where y is a constant known as the magnelogy ric latio (a fundamental nu- 
clear constant) and is the frequency of precession. The frequency wg thus 
increases as Ho increases. If electromagnetic radiation of frequency v is 
applied at right angles to the applied field, the applied frequency isSvSid to 
be in resonance with the precessional frequency when v -Vg At this stage 
the radiation is absorbed by the nucleus and it utuicrgocs a ‘flip' from its 
lower energy state to the higher enery level An absorption peak is obtained, 
which can be detected electronically and rccotdcd as a peak on a chart. This 
is achieved experimentally by applying resonance frequencies which in the 
case of a proton arc in the indio frequency range, i e. elcetromageiic radia- 
tion of (SO >. 10* cyclcs/sccond or 60 Ml-f/ (mega Hertz) and corresponds to 
a wavelength of 5 \ 10* cm in a magnetic field of 140, 92 gauss thcsalucof 
Hg The condition for icsonancc of a proton can be achieved cither by hold- 
ing Ho constant and varying v or b> maintaining \ at a constant value and 
changing //g. The latter approach, however, is acre convenient. 

Nuclei that have spin and are important to an organic chemist aic *H, 
^*C, ‘*F etc. Most nmr studies have been earned out on the hydrogen 
(proton) nuclei and the technique is thus referred to as proton magnetic 
resonance (pmr). 

In an nmr spectrum, an absorption peak is obtained for each type of 
different proton in the molecule at different frequencies of resonance. This 
depends on the environment in which the nuclei exists, i e. the neighbouring 
atoms, A proton in a molecule is surrounded by a cloud of eiectrooic charge 
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whose density varies with the environment. In a magnette field, the electrons 
will circulate and generate their own magnetic field that oidmarily opposes 
the applied field As a result the nucleus is exposed to an effective field that 
is somewhat smaller (hut m some cases larger too) than the external field In 
other words, the not magnetic fis id is slightly less than the applied tu Id Since 
the nucleus or the proton experiences a smaller field, it is said to be shwUUu! 
by the electrons The degree of shielding of a proton depends on the «'ensity 
of the circulating elections and in the case of proton, it depends on the induc- 
tive effect o'" the gioup .ittiched to the carbon atom cariyiugthc pioton In 
order tocircumscni the Jeshtcldiitg effects, a higher magnetic field must thus 
be applied to achieve icsonante I his gives rise to jichtmuai fhifi, which is 
described as the differcnic m the .tbsoiption position of > paiticular proton 
of a sample from that of the rclercnee proton I here die* scvcr.il tvpcSisf 
reference compoune*s but foi piolons. the position of the absoi ption peak is 
n.stcd with icfcrencc to tetramethvIsilane.TMS |(CH,»|Si], a volatile liquid, 
bp 26 .■'"C Used as an internal standaid for this compound a single sharp 
rcvinance line viccurs at a position, wheie it is unlikely to obscure {>eaks 
arising from the sample This standard is assigned a chemical shift ot 0 H/ 
The circulation of delve di/cd *t elevtr ns generates magnetic fields that can 
either v'j'elJonh vhuU nc!ghbouri''a protons in the molecule The occurrence 
of v/'/t'/i/r/i),’ or ihshhlilwv depends <in the location of piotons in the ttuhicul 
field The aroinaiic protons of hen/cne deinatives an J because the it 

locations arc suvh that tht induced nugnelic held reinforces the apphut 
mignetic&wtd Due to this dcshielding, the chemical vtnft values of hvdrogtn 
atoms attachcvl to an aromatic ring is usuativ giealcr than protons in bvdu» 
carbons 

Ihcchcmiial shift of a proton > determined in terms ofevties pcrsonaul 
depending upt*n theosc llator tico.ucii* \ It h is been found convenient to con* 
Veil such shifts info units indenciuient ot ficquciicv expressed as della (S) 

^ ( henical 'hilt in cps 

(Kcillatoi freipicncv of the mstiiimcnt in tps 

The H values arc cxp.csscd as parts pci million ^ppm) and do not depend 
upon the frequency of applied ladi iiions An jlteniative scale is the tau (t j 
scale, for which FMs i> assiiiried o • arbitrary value ot 10000 To convcit a 
chemiCitI shift given on the delt i s aU to a valu.. on the tau scale, one simply 
subtract the shift .is mc.i uretl >n ♦!’.* »lclta scale from 10 000, ■ 10 tX) S. 

The chemicals shifts for i wi fe variciv ot hydrogen atom, in diilercnt envi- 
ronment is given in Tabl.: 6,2 

The nmr instrument all )ws chemists to me.isuie the absorption eneigy 
hydrogen nuclei These instruments use very powerful magnets and inadiate 
the sample with electromagnetic radiation in the radio fieq&ency region. The 
sample is mixed in a glass tube whose intern.il diameter is 2*3 mm. A few 
drops of TMS is then added and the tube is then placed in the sample holder 
between the pole faces of a dc electromagnet spaced I 75 inches apart 
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which serves to average out the effects of inhomogenities; sharper lines are 
obtained as a consequence. 

Interpretation: Let us consider the spectrum of antsole to demonstrate the 
utility of the nrar technique. The hydrogens of the — -OCH, group arc 
chemically equivalent, thus a single peak appears at 6.92 t. The signals 
downiicid are those of the aromatic ring. The ortho protons being closer to 
the — OCHj group are more shielded than the rneta- and para-protons. After 
the spectrum is determined it is integrated to estimate the relative number 
of protons in each absorption peak. The integral tracing is recorded from 
left to right. The height to which the tracing rises in the peak region for 
each group of protons, is proportional to the area enclosed by each peak, 
and also proportional to the number of protons responsible for that peak. 


i- “ - * 



h (ppm) 

Hig. fi.7 NMR Spectrum of Anisole 


As is evident from the .structure of ethanol it contains three types of protons 
and they absorb at different t values and correspond to — OH (4.63 t), 
— CH, (6,38 t) and — CH, (8.83 protons. The area of each peak corres- 
ponds to a numerical ratio of 1 ; 2- 3. 

The nmr is a convenient measure of not only the type but also the 
number of different protons in a molecule. 

Spia-jpin spiUtinfs: We have noticed that in an nmr spectrum, a series 
of peaks is obtained, representing proton in different chemical environments. 
Hie neighbouring group or atom influences the electron density and thl^ 
resultant magnetic flcid around a proton and hence can cause signiftcant thi^ 
in the signal. Such a signal, however, is influenced by thaspin statca ofUic 
Bctgbboortng protons, resulting in its splitting. This arises from a jflienome- 
non known aa spin-spin coupling. This happens boeauseofthc tendency of a 
bonding electron to pair its spin with the spin oftbe nearest proton, the spin 
of a bonding ei«itron having been thus influenced, the electron will affect the 
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protons* H« and H» in 3,4,4-tribromo-2, 2-dim<:thylbutanc (CH,),CCHBr 


(CH,),C^~C-.Br 

Each proton will give rise to an ab!>orption peak but the spin of each 
proton is affected to some extent by the two orientations of the other proton 
through the intervening bond'* so that the signal of each proton is 
split into two and appears as a doublet of equal intensity. This actually is 
observed in practice as is evident from the spectrum. 
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The distance between the split peaks in usually denoted by J and is called 
the coupling comtant. It is reported in Hertz (cycles per second). Coupling 
constant is a measure of the effectiveness of coupling between twt> protons 
with different chemical shifts, ft is a definite quantity and varies with 
structure but is independent of the applied field. 

We do not observe spin-spin splitting if the protons affecting each other 
arc chemically equivalent. Thus wc would not expect signal splitting in the 
signal from the six equivalent hydrogens of ethane. 

If the spectrum of acidified ethanol is recorded under high lesolution. 
It is found that the peaks aie split. 



Fig. 6.10 NMR speetrun- <sf \ thanol umfer High Resolution 

The methyl group is spirt into a triplet of intensity (1 :2 : 1) and thf 
methyiene group into a quartet of intensity ( 1 : 3 : 3: 1 ). The spectrum of pure 
elhaiwl, however, is more complicated. Broadly speaking, the observed 
muUipHcity trf* a given group of equivalent protons is given by (y + I). 
where y represents the number of protons on the neighbouring carbon 
atom. The splitting pattern of proton signals can furnish very valuable 
structural information. 
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Spin stato of a mcth>l Spin states ot a mcthsicne 

group fl ' I) group < I til) 


Arrows show the various oiientations that can be taken 
up b\ the protoio rcspuuMble tor splitting 


QUESTIONS 

6 1 Dc SCI the the principle involved >n the estimation of nitrogen 
6 2a f \plain the vaiious techniques foi the puiitication of a liquid 
h ff a liquid dtstils at constant tcmperaluic, tan an inference bt 
diawn thit It is pure 

6 3 C hroraatt'giaphit methods have been toiisKie'cd ts the* most viable 
techniques foi the sepiration and puiiheatton of compounds Discuss 
the dilTcrciU chromatouraphic tcchniqu* s 
6 4 Prediit the elution sequcncv of a miviuri ot compounds containing 
chlorobcn/cnv. p-crcsol ind anthracene developed on an alumina 
column using a solvent svstvm of progressively mcieasuig puiarit). 

6 s V sample containing 0 15 g of an 01 game compound, gave on com- 
bustion 0 72 g ot ( O, and 0 324 g of H,0 \notJicr 0 24 of this subs 

tane< was K|eldahli/cd and ihe ammonia evolved was absorbed in 50 ml 

ofN4H^S04 111 1. \ctsN acid icquiied 77 Om! ofO IN NaOH forcom- 
plete iieutralizati >n C aieulate the empirical formula of the compound. 
6 6 A 0 2 g sample of an organu monobasic acid gave on corabostiua 

0 ‘'<>5 g of an 1 0 0^9"' g e*t H.O; 0 183 g of the icid lequircd 15 

ml of U t N NaOH for complete ncutiaii/ation Calculate' the mole- 
cular Weight and the molecular fonnula of the acid 
6 7 A comfvound on analvsisgavcC M "35',^; tt- 9.09\ andO .36 26'‘, 
its vapor densitv is 44 1 ind the moleculai formula 
6 8 A monobasic acid gave the following data on combustion, 0 419 g of 
the acid I 058 g of COj,andO ISSgofH^O. and 0.470 g of the silver 
salt of the acwl produced on ignition 0.222 g of silver Calculate the 
molecular formula of the acid 

6 9 ticmcntal analysts of an organit compound gavcC 39 98",, u 
6 72“,, and 0««5J 5‘'„, and 0 1 51 g of the compound on vaporiaatimi 
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displaced 33.8 ml of air measured at 25” over water and at a pressure 
of 745 mm of Hg. Determine its empirical and molecular formula, 
given that the vapor pressure of water at 25” is 24 mm Hg. 

6 . 10 A monoacid base contains C =« 53.3%, H = 15,5% and N =» 31.2%. 
One gram of the chloroplatinate salt of the base gave 0.32 g of plati- 
nium on ignition. Calculate its molecular formula. 

6.11 A compound A, is insoluble in water hut dissolves in dil. 

hydrochloric acid. A undergoes no reaction with nitrous acid. When 
A is treated with methyl iodide and then with silver oxide. B is form* 
ed. On heating, B forms C. CsH^fN. C, adds hydrogen in the presence 
of a catalyst forming D, C«Hi,N. D, on treatment with methyl iodide 
and then with silver oxide yields (CH,),N and E. E can be hydrogen- 
ated to 2>methylpentane Assign structures to compounds A to E. 

6.12 Compound A, CioH^Oi, is not soluble in water or in sodium bicar- 
bonate. It gives no reaction with CgHjNHNHj. Refluxing of A with 
sod. hydroxide solution, extraction of the mixture with ether and 
evaporation of the solvent yields B, CtH,j,0. Acidification of the 
NaOH solution forms a new compound C, C«H,eO^ which is optically 
active. B gives a positive iodoform test. Suggest structures for A, B 
and C 

6.13 Two compounds A and B each containing C ■'63 58”;, H -5,96% 
and N - 9 . 26 % give benzoic acid on oxidation. Both dissolve in NaOH 
solution with a red coloration On reduction A and B yield amines C 
and D respectively. C, but not D, can be resolved into optical isomers. 
What are A and B? 

6. 14 An organic compound A, contains C 76.6%. H -6.38% and gives a 
mixture of two isomers B and C when an alkaline solution of A was 
refluxed with chloroform at 60”. B, being steam volatile was separated 
by steam distillation which on oxidation gives an acid D, containing 
C-6067%, H— 4.34"o. The acid D was also obtained by heating 
sodium salt of A at 125-140” under pressure. Assign structural formulae 
to the lettered compounds. 

6. 15 A compound of formula, CjH|,0, reacts rapidly with metallic sodium 
but not with Lucas reagent. Treatment of A, with hot cone, sulfuric 
acid yields a new compound B, C 4 H,. If B is hydrated with aqueous 
sulfuric acid, a new compound C, CfHtgO is formed. Compound C is 
almost inert to metallic sodium but reacts rapidly with Lucas reagent- 
Asrign structures to A, B and C. 

6.16 An organic compound A, CiH^O, does not react with sodium, (^n 
tfeatment with HI. it yields two compounds B and C. B reacts with 
sodium to liberate hydrogen and also forms a salt^with sodium hydro- 
xide. B can also be brominated and the major product contains two 
bromine atoms. The compound C contains iodine. On treatment with 
magaesittm in ether, followed by CO|. it f‘)rms acetic acid. What are 
A.BtfidC? 
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6.17 An alkene A, on ozonolysis yields acetone and an aldehyde. The 
aldehyde is easily oxidized to an acid B. When B is treated with 
bromine in the presence of phosphorus, it yield.s a compound C which 
on hydrolysis gives a hydroxy acid D- This acid can also be obtained 
from acetone by reacting it with hydrogen cyanide followed by 
hydrolysis. Identify the compounds A, B, C and D. 

6.18 An organic compound contains C 81.SS%,H«s4.8S%andN=13.6% 
and has a vapor density of 51. S. It evolves ammonia when heated 
with K.OH and reduction with sodium and alcohol forms a base which 
reacts with nitrous acid giving off nitrogen and yielding alcohol. This 
alcohol can be oxidized to benzoic acid. What is the onginal sub- 
stance? Explain the above changes. 

6.19 An aromatic monobasic acid A, contain 0*70.6% and H*5.7I%. 
Its methyl ester has a V.D. of 75. When A is distilled with soda lime 
it gives a hydrocarbon. On oxidation with KMn 04 it gives a dibasic 
acid B. Name the compound and four of its isomers. How will you 
distinguish lKl‘'ren these isomers? 

6.20 A compound R, with molecular formnla CgHyO is insoluble in dil. 
acid and base. It docs not reduce Tollens reagent but forms a 2, 4.di- 
nitrophenylhydrazone. On vigorous oxidation an acidic product 
CgHjO* is formed which forms an acid anhydride on heating. Treat- 
ment of R with sodium hypobromite gives a different add which, 
when heated with soda-lime, yields toluene. Propose a structural 
formula for R. 

6.21 An organic compound A, contains C*90.56/o, and H -9.43%. Its 
vapor density is 53. On oxidation A yields a dibasic acid (B) con- 
taining 57.8'\, C and 3.6®« II. The silver salt of the acid contains 
56.8% of silver. Tlic acid, on heating, forms a compound C of mole- 
cular formula CjIf^O,. On distillation with soda lime, the acid forms 
benzene. Explain the above reactions and assign structural formulae 
to A, B and C 

6.22 An organic compound A contains C -*68.85%, H 4 9% and reacts 
with NHjOH; on treatment with NaOH, it forms two compounds B 
and C. The compound B is soluble in HCI and can be oxidized to 
compound C with alkaline KMnO|. Tlic compound C on treatment 
with conc. HCI forms an acid D, which on heating with an alkali gives 
phenol. Identify the compounds A. B, C, auU D. Explain and name 
the reactions. 

6.23 An organic halogen compound A which contains C»66.41%, H -• 
5 53% and Cl 28.04% on treatment with potassium hydroxide solu- 
tion gave a hydroxy compound B, containing C V.1T/„ H l 
but no halogen. B, on oxidation yields a monobasic arid C, which on 
distillation with soda lime gave benzene. Assign structures to A. B 
nnd C and describe a method for the preparation of compound A. 
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6.24 A 1.06 g sample of an organic compound gave on combustion 3.(Mt g 
of CO, and 0.S4 g of H,0. Its vapor density is 23. This compound 
on heating with caustic soda yields an alcohol and the sodium salt of 
an acid. Distillation of the sodtum salt of the acid with soda time 
gives benzene. Determine the structural formula of the compound, the 
alcohol and the acid. 

6.25 An organic compound A. molecular formula when treated 

with excess ammonia and then heated formed B, molecular formula 
C^HjON. B, when heated with PjO,, formed C molecular formula 
CjHsN. C, on complete hydrolysis formed A. C, on reduction with a 
complex metal hydride formed a basic nitrogenous compound, D, 
molecular formula C,H,N. D, on treatment with nitrous acid formed 
an alcohol b, molecular formula C,HhO. E, on oxidation formed 
compound A. Give the structures of compounds A, B, C, 1) and E 
and explain the reactions. 

6.26 A neutral solid A, has the formula Cj^HiOfN Vigorous oxidation of 
A gives a dibasic acid B, C,H,0,N. A, can be reduced to a compound 
C, C|^,N which on oxidation gives a dibasic acid 1), C(,H,04. The 
compound A, can be obtained by direct nitration of a particular aro- 
matic hydrocarbs>n. Identify compounds A to 1) 

6.27 A compound A contains 0 - 48“,', H 4"„. Sodium fusion of A reveals 
the absence of halogen, sulfur and nitrogen. What is the empiiical 
formula of A? 

6.28 A ketone ‘A’ undergoes haloform reaction, and on reduction gives 
a compound B. On heating With sulfuric acid B yields C u huh 
forms roonoozooidc D with ozone. D on hydrolysis in the presence 
of zinc dust gives only acetaldehyde. Identify compounJN A, B, C 
and write the chemical reactions involved. 
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Alkanes or Paraffins 


We will begin with the study of simple aliphatic organic hydrocarbons 
containing carbon and hydrogen, i.e. alkanes. These arc saturated compounds 
and each carbon holds its maximum of four atoms or groups. These are 
also known aspa/i#M I hey display stability towards many reagents They 
occui naluially and natural gas is largely cmnposcd of methane ( 98 ® „) 
Natural gas is extensively used as fuel btUh in domestic gas ranges 
and in industry The putrefaction of cellulose in the abscente of air 
also gives iisc to methane and this ol ten occui s in swamps (marsh gas), 
fhus natuial gas and marsh gas ate othei names for methane. Petroleum 
IS .mother source of these hydrocarbtms it furnishes gasoline, lubricating 
oils vaseline and parathn wax, tar, etc . all (>f which are rich in satuiuted 
hydrocarbons 

The general foimuia of alkatus coricsponds to oi 

or RH The stiucturcs of the fust member of the alkane family, namely 
nu thane is given below . 


H 



tetrahedral sinicture of 
Methane 



Molecular Oi aal representation ol 
Meihane 


In methane the carbon-hydrogen bonds are fvsrmed by the overlap of carbon 
•'P* hybrldued orbitals with the hydrogen .r-oibitals. The configuration of 
lowest energy is a teifahedron with the four hydrogen atoms situated at the 
four corners. The bonds in methane subtend ao angle of 109.28® and the 
f —H bond distance is 1.09 A. 
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The next higher member is ethane then propane, butane and so on. Notice 
that in the aeries methane CH 4 ; ethane CtHft, and propane C,Hs, each mole* 
cuie differs from the previous one by an additional unit of CH,. A group of 
molecules of this type each differing from the next by the unit CH^ is said 
to comprise a homologous series, and compounds belonging to such a series 
are called homologs of one another. Members in a series are closely related 
in chemical properties and display a regular gradation in physical properties 
(Table 7.1). The first three members have no isomers, but isomerism com- 
mences from butane which exists in two isomers, i.e. chain isomers and 

CH,CH,CH,CH, CHjCHCHj 

n* Butane uo-Butanc 

pentane has three. The number of isomers increases as the number of carbon 
atoms in the chain increases. Customarily the chain of saturated carbon 

CH,CH,CH,CH,CH, CH.CHCH.CHs 

cir. 

Pentane I&o Pentane 

(2-Methy{ butane) 

CH, 

ch,<!ch, 

<!h, 

neo Penuuie 

{ 2 , 2 >I)in>cthyl propane) 

atoms is written for convenience in a straight line, but it may be remembered 
that the atoms are rather actually arranged in a zig-zag manner as shown 
below: 


'"c- ' V V' V' V 

X y V y 

sX / \/ \/ XX \ \ 


In ethane each carbon is tetrahedral, i.e. .sp* hybridized. The two cafbon 
atoms are bonded by the ^ared electrons in the molecular orbital creiated 
by the overlap of two jp* hybrid orbitals with the resultant formattem of a 
carbon-carbon «aglc bond or a «r-bood. The O—C bond distance is 1^ A. 
The bmtd to ethane is strong because the hybrid orbitals are directed ia the 
n|ht diremion for an effective overlap. The carbon-hydrogen bonds are form- 
ed as in methane. The different thre^imensional representations for ethane 
arc the fdiowiog; 
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Molecular Orbital Representation of Ethane 




PerspPClivP 


The two — «CH, groups joined by the single C—C bond arc free to rotate 
with respect to each other. An important implication of this rotation is that 
the organic molecules have freedom to twist and attain a number of confor- 
mations. The two conformations of ethane namely staggered and eclipsed 
are shown below: 


H 

/Nh 

1 

H 

Stoqqtred 

Eclipsed 


7.1 NOMENCLATURE OF ALKANES 

The rufes of nomenclature arc adequately dcsciibeii in Sec. 2.3. Certain 
additional points may also be noted here. If a side chain or branch consists 
only of carbon and hydrogen atoms linked by single bonds, it is called an 
group. The name is derived by changing the ending -euu to ->•/. This 
change is the key to mgking up names for alkyl groups. The carbon atoms 
arc classified as primary, secondary and tertiary depending on whether the 
carbon atom is attached directly to one, two or three other carbon atoms. 

The prefix £so has aspeeiat meaning. It can be used to name a groupcon- 
tammg the foUwing feature: 



144 A Texbook of Oigiuuc Chemistry 


H,C^ 

where n 0, 1,2, 3. .nasO, fj»-propyI; n = 1, /'o-butyl;rt 2, /J<J-pentyl;n 3, 
fao-hexyl 

7.2 PHYSICAL PROPERTIES Ol- ALKANES 

The physical properties of a niolctulc usually refer to its bulk properties 
without carrying out a chv.oiical reaction Sc'mc of the physical properties 
of a molecule arc its phvsis.ai state, melting point, boiling point, density, 
refractive index, solubilitv, etc These properties are very much dependent on 
the structure of .1 molecule The alkanes arc less dense than water and oil 
floats on water The viscosity increases with incicasing molecular weight. 

Melting Point Ions or molecules in a crystillinc solid are arranged m a 
regular geometric fashion Melting occurs when a temperature is reached at 
which the thermal energy of the particles is great enough to overcome the 
intercrvstalline forces that hold them together. Duiing melting, the ordered 
crystal structure is destroyed. The melting point reflects the strength of the 
intermolccular forces in a crystal The more symmetncally built is the crystal 
of a compound the more flrmlv it is packed and higher is its mdting point 
Ionic compounds h ive much higher melting points than the non-poiar 
organic molecules due to their stiongcr lonu bunds. Ihe melting points 
increase giaduaily in the alkane senes, as is evident from Table 7.1. 

lable 7*1 Ph\9$cal Properties of Straight Chain Mkanes 


Hydrocarbon 

I ormulvf 

No ol 
Ison trs 

Melting 

Point i®C ) 

Boiling 
Pomtt^C I 

l>cnsU\ 

Methane 

Lthone 

Propane 

til ~ 


}h: ^ 

m 1 

- IS7 7 

-161.7 
-88 6 
-42 1 


Butane 


s 

- nh.i 

-..05 

0.57h7 

Pentane 

< iH,2 

3 

129 8 

^6 I 

0 5572 

Hexane 


5 

- 95 

r>s 7 

0 6601 

Heptane 

ttHu 

9 

906 

98 4 

0 6817 

Octane 


18 

56 8 

125.7 

0 7026 

Nonane 

( 

.^5 

51 5 

1508 

0.^177 

Oecaoe 

UHa* 

75 

29 7 

174 0 

O.t’99 

Undecone 


159 

- 25 6 

195 8 

01402 

Oodecane 


555 

— 96 

216 1 

0l487 

Trtdecaoe 


802 

-5,5 

235.4 

01564 

Tctradecane 

C’mH,. 

1858 

59 

253 7 

01628 

Peotadecaoe 

CuH„ 

4547 

10 

270.6 

01685 

Eicosaae 

Pentaoosane 

Triacontane 

Tetracmitane 



116,519 

716 

million 

36.8 • 

63 8 

W 

449 7 

0,1886 
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Boiling Point: In a liquid, the particles are not arranged in a regular 
manner and are thus free to move. A liquid boils when a temperature is • 
reached at which the thermal energy of the particles is great enough to over- 
come the cohesive forces that hold them together. An ionic compound has 
a high boiling point because it requires a high energy to break away ions, 
the constituent of the salt, in comaprison to a liquid. Interaction between 
neutral molecules results from van derWaals forces, hydrogen bonding and 
dipole-dipole interactions These forces hold molecules in a liquid together, 
but are very weak, thus boiling of a non-polar compound occurs at a very 
much lower temperature. 

Alkanes are constituted of carbon and hydrogen atoms and are non-polar 
and only van der Waals interactions are important. The first four members 
of the alkane series are gases at room temperature, but as one ascends the 
series starting from n-pcntanc, which is a liquid at room temperature, each 
additional CHg group corresponds to an approximate rise of 25° to 30° 
in the boiling point of each homologue. As the complexity of the molecule 
increases it*' boiling point increases. In straight chain hydrocarbons, the 
molecules are packed closely together regularly and they have higher boiling 
point 13 than the branched hydrocarbons (Tabic 7.2) since the latter fit 

Table 7.2. C'ompari&oa of Physical Properties Between Straight Chain and 
Branched Hydroearbons 


Hydrocarbon 

Melting Point 

Boiling Point 

n*Dutanc 

-138 

0 

isi 0 -Butane 

- 159 

-12 

/i-Pentane 

-130 

36 

iio-Pcnlanc 

-*160 

28 

/tro-Pentane 

-17 

9.5 


info a symmetrical structure with great difficulty. The effect of branching 
on the boiling point is observed with alt the homologous scries of organic 
compounds. The reason is that with branching the shape of the molecule 
approaches that of a sphere and its surface area decreases, thus the intra- 
molecular forces decrease with the resultant decrease in the boiling point. 

Solubility: The solubility of a molecule depends on several intermolecu- 
lar forces such as ion^ltpole, solvent-solute, solvent-solvent, etc. A com- 
pound dissolves in water if it can form hydrogen bonds with water. During 
dissolution of a solid or a liquid^ the ions or motecules separate out and the 
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spaces to between them are taken up by the fontMUion of new bonds bet- 
ween solvent and the sedate particles. Dissolution of solid also involves the 
destruction of the ordered crystal structure. An ion in aqueous solution is 
surrounded by water molecules and is referred to as a solvated ion and 
the phenomenon is known as sohaiion. For an electrolyte, say K.C1, during 
solvation an interaction takes place between the positive potassium ion and 
tile negative-end of water molecules, and, between the negative chloride 
ion and the positive-end of water molecules as shown below; 




This is a case of the familiar generalization that like dissolves like, which 
implies that polar molecules are more soluble in polar solvents and non-polar 
molecules arc more soluble in non-polar solvents. 

The alkanes, being non-polar, arc insoluble in polar solvents such as 
water, alcohol, acetone, etc Methane is the most soluble among the para- 
ffinic hydrocarbons, dissolving to the extent of U002S g- 100 ml of water. 
Alkanes with larger carbon chains are less soluble and it is generally true 
for organic compounds that the larger the carbon chain the less soluble it 
is in water. They are, however, soluble in non-polar solvents such as benzene 
or carbon tetrachloride. 

PREPARATION OF ALKANES 

Lower alkanes are obtained from crude oil and are thus generally not 
prepared. 

1. Laboratory Preparation: A laboratory preparation of methane 
may be demonstrated by heating sodium acetate in the presence of soda 
lime (a mixture of CaO and NaOH j in a test tube. Methane gas so cvoivmt 
is collected. 


Soda lime 

CH,CXX>Na CH*(g) 4 Na,CO,(s) 

Heat 

2, Hydrogemtton of Alkenes: Hydrogenation of alkenes in the pre- 
aenoe o( a catsJyst is a usefbt method to obtain alkanes. Thus hydrogenation 
cf propene with Hf in the presence of gives propane. 
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H,/Ni 

^ CH,«CHCH, ► CH,CH,CH, 

or Pd, Pt 

Propene Propane 

3. from Orignard Reagents: Alkyl halides (RX, where X— Cl, Br, I) 
react with magnesium metal under anhydrous conditions to form alkyl 
magnesium halides (R*MgX+). Because of the low electronegativity of 
magnesium, the carbon atom attached to it has a large concentration of 
negative charge. This negative carbon has a high affinity for hydrogen and 
is capable of taking It even from very weak proton donors such as water, 
ethanol, amines or carboxylic acids. These reagents react with the Grignard 
reagents to evolve the corresponding hydrocarbons. 

H,0 

CjHjMgBr ►CjH, , Mg(OH)Br 

CjHjOH 

C,H,MgBr »> C,H, Mg(OH)Br 

4. Kotbe's Synthesis: This method involves the electrolysis of the sod. 
salt of a caiboxylic acid (RCOO'Na'*’) to yield an alkane (R — R). The 
process is regarded as a free radical reaction as shown below: 

CHjCOO- CH,COO CH, CH,CH, 

Oxid. (loss of e » —CO, 

The carboxylate ion loses an electron at the anode to yield the species 
CH,COO. This immediately evolves CO, to generate a CH, radical, which 
couples to give a hydrocarbon. It is an example of electroorganic synthesis. 

5. Wurtz Reaction: By healing an alkyl halid., with sodium in dry 
ether, it has been possible to prepare symmetrical hydr^vearbons; for inst- 
ance, hexane can ^ obtained from propyl bromide and sodium metal. 

2Ka, ether 

2CH,CH,CH,Br ► C,Hu + NaBr 

A 

n Propyl bromide Hexane 


Mechanism 

Two mechanisms have been suggested for this icaction, one involving a fice 
radical as an intermediate and the second is considered to involve sodium 

RBr + Na — — > R* r NaBr 
R. + R ► R~R 

» 

alkyl as an intermediate, which then forms the product in a nucleophilic 
displacement reaction involving a second alkyl halide molecule. 

RBr-( 2Na 


R' Na^ ■+ NaBr 
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R-Na++RBr ►R-R + NaBf 

* 

Hydrocarbons with an odd number of carbon atoms cannot be prepared by 
this method due to the formation of a mixture of hydrocarbons which may 
be difficult to separate, bor the preparation of unsyrametricai hydrocarbons, 
particulariy alkyl hydrocarbons, a modified procedure called the Wurtz- 
Ftttig reaction is employed. The procedure consists of beating an aliphatic 
and an aromatic halide with sodium in an inert atmosphere. It is demons- 
trated for the preparation of toluene. 

Na, t hr 

C,H,Br i CH,Br ► QHjCHj 

A 

Bromoben/cnc Toluene 

Mixed products arc also obtained in this pr^Kedurc due to the reaction bet- 
ween similar halides, but can be separated on the basis of their physical 
properties. 

6. Reduction of Alkyl Halides: A reducing mixture consisting of hydro- 
iodic acid and red phosphorus converts an alkyl halide to the correspond- 
ing hydrocarbon. 


HIP 

CHaClf,CH,CH,CH,I ► CjH,, . 1, 

«-Pcnty1 iodide Pentane 

7. Hydrogenolysis: The catbon-halogcn bond can be cleaved in the 
presence of hydrogen and platinum as catalyst. The process is referred to 
as hydrogenolysLf. The result is the formation of a hydrocarbon. 

»**'Pt 

CHjCHjCH.CHiCI *. rjl^o ffCI 

n.Bu(}i chloride Hutanc 

8. Hydroboration of alhenes: The usefulness of hydroboration reaction 
in synthesis arises from the fact that the alkyl boranes can he transformed 
into a wide variety of products on further reaction. Diborane, for example 
adds to alkenes to give trialkyl boranes which on rcBuxing with acid yield 
hydrocarbons. 


C4H,CH' CH, 
i-Hexene 


THF 


Propionic acid 
reflux 


Hexatw * 


7.4 REACTIONS OF ALKANES 

The alkane hydrocarbons are inert to many chemical reagents and cao 
ttnfteqio reacUona under only drastic conditions. 
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1. Combustion : Pf<MMibiy the most important use of par affin hydro- 
carbons is as fuels. They burn in excess of oxygen to form carbon dioxide 
and water. Since a large amount of energy is released, it forms the basis of 
gasoline as a fuel in engines. 

CH* f. 20, ► CO, h 2H,0 AH® - 212 kcal/mole 

Liquid alkanes such as octane should be vaporized before they will 
burn. 

CgH, f I2i0, ► SCO, -i 9H,0 AH® -= - 1312 kcal/mole 

This is the reaction which takes place in the internal combustion engine. 
However, if the supply of oxygen is inadequate then incomplete combus- 
tion occurs and the poisonous gas carbon monoxide is produced. Certain 
percentage of CO is always present in the exhaust gases of automobiles. 
Carbon monoxide interferes with the transfer of oxygen in the body by re- 
acting with haemoglobin, the red pigment of the blood. 

2. Nitration : At high temperatures, alkanes react wth nitric acid to form 
a mixture of niiro-paraffins which find uses in the synthesis of explosive: 
and as solvents. 


CH,CH,CH,+ HNO, 


450 


i» I 


-►CHjNO, 


->CH,CH,NO, 


Propane 


►CH.CHCH, 

Ao, 


.1. Hahgenation: I'he haiogenation of alkanes can be carried out under 
c«)ntrullcd conditions and this constitutes an important industrial process 
for the pjeparation of halo-alkanes. Halogens like chlorine and bromine do 
not react easily with alkanes but do so in the presence of cither uitra-viokt 
light or at high temperature. 

Heating decomposes chlorine molecules into atoms which undergo reaction 
with alkanes. The final product, for instance, between methane and chorine 
is carbon tetrachloride. Mono-substitution with chlorine on methane yields 
a single monocbloro product, it can therefore be inferred that all hydrogens 
in methane arc chemically equivalent. Photochlorination is used industrially 
for producing a mixture of alkyl halids fre ” petroleum hydiocarbons and 


CH, 


CU, Av cl„ Av 

► CH,C1 ► 

b.p.*24®C 


cH,a, 

b.p. 40®C 


CL, Av Cl,, Ay 

CHCl, ► CCI, 

b.p. «»“C b.p. 77®C 


for chlorination of aromatic side chains. The halogens differ in their reacti- 
vities, the order being > Cl, > Br, > I,. Fluorine is too reactive to be 
employed as a balogenating agent while iodine is unreactive. 
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Medwasmi The reaction proceeds through a free fadicat chain mechanism. 


Ay or 2S0>400”C 


Initiation 

Cl, 

— ► 2C1. 


rcH4+ci. — 

— CH,. . 

Propagation 

(cH,. -f Cl, — 

► CH,Cl 


(CH,. +CI - - 

► CH,C1 

Termination 

ic.a.- 

— ^ Cl, 


In the initiation btcp chlorine radicals are produced by breaking the Ci — Cl 
covalent bond under the influence of heat or light. At temperatures below 
100^, the thermal energy of the mixture cannot break an appreciable 
number of either the Cl— Cl or the C — H bonds in the reaction mixture. 
Homolysis of Cl— Cl bond takes place as the temperature is raised. Altema* 
lively, chlorine absorbs light in the 3000 to 6000 A region (visible) which 
results in the rupture of the Cl CI bond to generate free radicals The chlorine 
atoms react rapidly and abstract a hyiirogen atom from methane 
yielding a methyl free radical and hvdrogen chloride. Ibis free radical com- 
bines with chlorine to form methyl chloride and regenerates a chlorine atom. 
This chlorine atom is used over and over again in the reaction till alHhe 
ebiorine molecuies are exhausted and the chain is terminated. It is possible 
that hundreds or even thousands of chain propagation steps may be occurring 
simultaneously. Chlorination of methane is exothermic by -23 kcal^mole 
The termination step involves the combination of different free radicals and 
thus reduces the yield of the desired product. 

Siraiiartly, mono-chlorinatiun of ethane yields only a single product. 

Ay 

C,H, t Cl, ►C,H»C1 

b p. 12 5®C 

chloro-ethane. However, theimal or photochemical chionnation of 
chloroethano gives two isomeric products. 1 hese are positional isomets. 
Unlike methane derivatives, the hydrogens of chloroethane are thpa 

i 

Ary 

C,H,Cl ^ Cl, > CH,CHa, f CH,C1CH,CI 

tthyl I, t•DicIlloro- I, 2'Diclil«ro- 

cblorid* ethane ethane 

b.p. sre b.p. 84*C 


ehemhaliy iton-equivaJent, 
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An interestiflg feature of this reaction is that the attack of the chlorine 
atom on the hydrocarbon is selective, i e., a tertiary 0-~H hydrogen atom is 
abstracted much easier than a secondary or a primary hydrogen. In other 
words, the rate of abstraction of hydrogen atom follows the order 3“>2®> 1". 
Thus in the case of isobutane the two products tertiary butyl chloride and 
isobutyl chloride arc formed in a ratio of 2 ; 1 even though there are nine 
primary hydrogen atoms in comparison to only one tertiary hydrogen atom 
in this molecule. 

Therefore, it is likely that the activation energy required to form a tertiary 

CH, 

I 

►C’HjCCH, 

r-Butyi chloride 
(>1\ 

->CH,CHCH,C1 

CH, 

33 % 

/itf>i)D>yI chloride 


Clj, Av 

CHjCHCH, 1 




/w-liutanc 


ffce radical is much less than that for the formation of a primary free radi- 
cal. The ease of formation of free radicals thus parallels their stability, i.e. 
3® > 2* > 1* Thus, more stable a free radical, the more easily it is formed. 
This h depicted on a potential energy diagram (Fig. 7.1) 

Bromination of alkanes is rather slow because the a<'tivation energy for 
the first propagation step is almost I SKcal/moie higher than in chlorination. 
But at the same time bromine is more selective in its attack, (t attacks a 
teitiary carbon atom predominantly. This is evident from the fact that in 
contrast to chloiination, bromine reacts with /m-butane to give 99% of tert 
butyl bromide 

Bromine is less reactive, iodine reacts still slower because the activation 
energy for the first propagation step is much higher (about 33 Kcal/mole). 

4. Cracking (Pyrolysii): At high temperatures, the paraffin hydrocarbons 
cleave into smaller fragments. Methane is the most stable hydrocarbon be- 
cause of a higher C— H bond energy (98 .> kcal/mole), but the hi^er para- 
ffins are thermally less stable. Ethane decomposes to ethylene at 600-800®, 
but butane fragments do so at 400-600®. 
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CHgCHy > 


► CH,CH,CH--CH,+H, 

CH,CH,CH,CH< CH,CH= Cif,+CH, CH, ^CH4+H, 

Butane CH,CH,+CH,CH, 

The petroleum industry uses pyrolysis to convert higher intosmallerby- 
drocarbons which are useful as fuels. This type of reaction is called cracking. 

5. Isomerization: As stated earlier, branched chain hydrocarbons have 
excellent antiknock properties. Therefore, conversion of a straight chain to 
a branched chain hydrocarbon is a desirable process. This is accomplished 
in the presence of a Lewis acid catalyst, AlCl,. 


CH*CH,CH,CHs 


Butane 


AlCl,. A 

CHjCHCHg 

C^H, 

(^0- Butane 




Fig. 7 1 Stability of (e liary and primary free radtcals 

6. Catalytic Dehydrogenation: When alkane vapors arc passed owr 
chromic oxide catalyst, it loses two hydrogen atoms, i.e., it is dehydrogen- 
ated to an ttosaturated compound. 

Ctironuc Oxide 

CH,CH,CH,CH, CHdCH,CH«CH, i H, 

Butane l-Buteoe 
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7. Aromattzation (Reforming) : Alkanes on heating in the presence of a 
platinum catalyst produce aromatic compounds. A large number of impor- 
tant chemicals are derived from petroleum, one of them is benzene. 

pt , 500®t' 

CH,CHaCH,CH»CH,CH, ► C,H,(1) 4H»0(g) 

10 atm 

n-Hexanc Benzene 


7.4.1 Uses of Alkanes 

Alkanes are used as raw materials fur making explosives, in the rubber 
industry, in synthesizing organic chemicals and as solvents. 

7.5 PHOTOCHEMICAL REACTIONS 

Thermal reactions are promoted by beat whereas a photochemical reaction 
derives its energy from the absorption of light radiation. A photochemical 
reaction is thio any reaction initiated by ultraviolet or visible light. In 
nature, photosynthesis is a familiar photochemical reaction. 

The absorption or emission of radiation by a molecule is a quantized 
process, i.e., a molecule absorbs light energy in terms of quantum, and the 
magnitude of energy {E) absorbed is given by the following equation: 

A£' Ir* heiX 

where v represents the frequency of the incident light, c is the velocity of 
light, X is the wavelength and /> i> the Planck’s constant Thus light of 300 
nm wavelength has an energy equal to 95 kcal/mole. This is the amount of 
energy of most C— C single bonds and is enough to bring about a chemical 
reaction. All covalently bonded carbon compounds, however, do not absorb 
light, while others are convci ted to .stable excited states For a reaction to 
take place, a moiccule must absorb energy in the wavelength region in 
which it is irradiated. This can be determined from theabsorption spectrum 
of tile molecule. 

Photochemical reactions are largely those of n-electron systems in which 
case the molecule absorbs a photon and one bonding ic-electron is excited 
to an anti-bonding orbital, i.e. k*. This is also known as rr-n* transition. 
Most organic molecules have an even number of electrons and are paired. 
In each pair, the opposing electron spin cancel and the molecule possesses 
no resultant spin such an electronic state is referred tots singlet. Most of the 
organic moiecules in the ground state arc in singlet state. When a molecule ab- 
sorbs light, it is excited to a singlet state (S^) of the molecule. This state is 
short lived. In this state, the motecuie has a number of paths open to it. It 
may return to the ground state by emission of a photon, it may transfer its 
energy to another molecule (sensitization) it may cross-over to the triplet 
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state (mter’systeni crostang) or it may undergo chemical reactions such as 
decomposition, isomerization or rearrangements, 

A triplet state is described as one in which the spin of the two electrons 
is not paired* The majority of the photochemical reactions takes place via 
a longer lived triplet state (Tj). The subject of photochemistry has been ex* 
pending very rapidly and photochemical reactions find extensive applications 
in organic syntheses and in the preparation of agricultural and industrial 
chemicals. 

7.d PETROLEUM 

Petroieum (Latin pe/ra-nvk; oleum-oih is a dark colored viscous liquid as 
it is obtained from oil wells. It is a complex mixture of hydrocarbons, 
principally alkanes and cycloalkanes. Organic compounds containing N. S, 
O, etc., are also present in varying proportions. Petroleum is a source of 
fuels and raw materials for the chemical industry. Extensive exploration of 
oil fields and the development of the photochemical industry has attracted 
the attention of the world in the last two decades. 

7.6.1 Occnrr«Ke 

Petroleum occurs deep down the earth a.s a black viscous oil The surface 
of the oil is covered with the volatile hydrocarbons, the natural gas. The 
main oil producing countries in the world are: Russia, United States of 
America, Nigeria. Venenzuela ban, Iraq, Saudi Arabia and other countries 
in the middle east. The world output of oil is more than one billion tons 
annually. Its use fulfills nearly 50“. of the energy icquiromentforthc entire 
world. The Persian gulf states have about 56% of the world’s oil resources. 
Among these, Saudi Arabia has world’s laigcst oil fields. India has to im- 
port crude petroleum to meet its increasing needs. Recently, however, oil 
fields have been discos cred offshore Bombay and that icgion is known as 
Bombay High, ft pioduces more than a million tons of crude every month 
and has thus saved crores in fuician exchange The ageing Gujarat oil fields 
have been giving a diminishing yield. Therefore, another viable area that is 
being explored is the Assum-Arakan basin lying deep in tne jungles and 
mountain terrain, to meet the deficit. The refining work is handled princi- 
pally by various companies such as Hindustan Petroleum (formerly ^SO) ; 
Bharat Petroleum Company (formerly Burmah Shell); Assam oil. and |ndian 
Oil Corporation. Major rcflneiies are located at Barauni (Bihar), Bangligaon 
(Lower Assam), Haldia (West Bengal), Mathura (U.P.), Cochin (l^rala), 
Oigboi (Assam) etc. and one is being built in Kama! (Haryana). 

7.6.2 CeaipostttoB 

The cmnposition of petroleum vdrw» from field to field, in general, it con* 
tains varying proportions of paraffins, naphthenes and aromatic hydro- 
carbons Small amounts of unsaturated hydrocarbons conuining S, N and 
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O, in addition to C and H are also present. The various constituents may 
be listed as follows: 

1 . Lower Paraffins ; Paraffin hydrocarbons containing upto six carbon 
atoms. 

2. Higher Paraffins'. Straight chain hydrocarbons upto decanc and 
branched chain hydrocarbons from tro-butane to methylnonanes. 

3. Cyclo-Paraffins-. Several alkyl derivatives of cyclopentane and cyclo- 
hexane have been isolated. In petroleum chemistry, these compounds 
are known as naphthenes. 

4 . Aromatic Hydrocarbons : Benzene, toluene, xylene, cumene and many 
other aromatic compounds are present in petroleum. 

6. Sulfur and Nitrogen Compounds '. Heterocyclicscontaining sulfur and 
nitrogen are also present. 

6. Oxygen Compounds The principal oxygen compound present is a 
carboxylic acid know~n as naphthenic acid. 

7.6.3 Origin 

Petroleum is the product of ages of geological synthesis. Several theories 
have been advanced to account for the origin of petroleum. Among these 
two of them are the following: 

7.6.3<a) Engler’s Theory 

This theory maintains that petroleum derives its origin from animal and « 
marine life, which under higli pressure and temperature, decomposed to 
form petroleum. 

7.6.3(b) Modern Theory 

Presently, it is believed that petroleum is the result of decomposition, under 
anaerobic conditions, of vegetable organism which had been buried under 
the earth’s crust for tong periods of time. The initial stage of putrefaction 
may have been biochemical, followed by a complete oxidation of this meterial 
under moderately high pressures and temperatures causing its conversion to 
petroleum, and this collected in pockets as a black liquid. The mechanism 
of the conversion of primary organic matter into petroleum hydrocarbons 
is not known. 

7.6.4 Refining 

Petroleum is obtained by drilling wells to get it out of the earth. The crude 
oil is transported to the refineries by pipelines or tankers. Refining, in the 
case cS petroleum, ifibludes any process applied to the crude oil to separate 
it into different components. The first stage in the refining of petroieum is 
fractiottal distillation, whereby lighter and heavier portions are separated. 
The important fra^ions so obtained are listed below: 
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Fraction 

Boiling 
Range (®C) 

Composition 

Uses 

Natural gas 

Below 20 

Q-c* 

Fuel in gas cookers and 
domestic heating 

Petroleum ether 

20-60 

c,-c, 

Solvent in industry 

Ligroin or light naphtha 60-90 


Solvent and in dry clean* 
ing 

Straight chain gasoline 

85-200 

tvc.. 

Fuel in dicsoi engine* 
cars, etc 

Kerosene 

200-300 


fuel 

Heating fuel Oil 

tOO-400 


ileatmg fuel 

Lul»'icating oil 

400 

at 

Lubrication 

Paraffin 

S<^id 


Ointment^;* candles and 
polishes 

Asphalt 

(,Bitumin) 

Residue 

> C3Q 

Fuel in the steel industry 
and for tarring roads 


Crude oil has a broad boiling range. The low boiling conMttucnt.N, namely 
proftanc, butane, etc., arc gases at ordinary temperatures. These are removed 
by a process known as scrubbing This involves the dissolution of these sub* 
stances into a high boiling liquid and then separation by distillation. Light 
petroleum ether consists mainly of pentanes and hexanes. Ligroin is a mixture 
of heptanes with the boiling range from 60*90®. Kerosene is a mi.x(urc of hy- 
drocarbons and IS the most important petroleum fraction (200'300*C) which 
is employed as a fuel. Because of the numerous uses of gasoline and its small 
proportion in the distillate, kerosene and fuel oil fractions (i e. high boiling 
fractions) are converted to gasoline to argument its yield by a process called 
cracking. This process converts larger hydrocarbons into smaller hydrocar- 
bons and this can be accomplished by difSerent methods. The catalytic 
process nowadays is favored over the thermal process, because a proper 
selection of catalyst enables the desirable jvoducts to be obtained in large 
quantities. Moreover, it can b6 affected at low temperatures. The gainline 
produced by catalytic cracking has a high octane number, i.c.. it has got 
good antiknock properties. ^ 

Petrochmicats are chemicals made from petroleum or natural gasi The 
hydrocarhons cootaming six carbon atom or less are the starting materials 
for the mannfacture of a huge number of petrochemical products, su6h as 
plastics. ffi»res. polyesters, nylon, dyes, rubber. pharmaceuticaUi. insecticides, 
etc. 
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7.7 FUELS, KNOCK AND OCTANE NUMBER 
During the combustion of petrol vapors inside an automobile cylinder, a 
large quantity of hot gases is produced The gases force the piston down 
the cylinder and the power generated is transmitted to the wheels. For smooth 
running of the engine, the ignition of gasoline and oxygen should take place 
when the piston is at the right point in the cylinder. To obtain maximum 
energy the mixture of gasoline and oxygen is compressed, this compression 
can result in self>i{^ition. In other words, the ignition of gases takes place 
before the spark. This causes sudden rise in pressure which delivers a blow 
to the piston. The engine makes a noise called ••Knocking." This wastes 
fuels and reduces the life of the engine. It is thus desirable that a fuel has 
anti-knocking characteristics. It is known that the knocking characteristics 
are associated with the structure of the constituents of the fuel. In order to 
compare the performance of various gasolines it was necessary to develop 
a knock rating which is termed as the octane number. It is a numerical 
rating that indicates how well a gasoline resists combustion knock. For this 
purpose a single alkane known to be the best fuel for resistance tc» knocking 
was chosen and /jo>octane (2, 2, 4-trimethyipentane) was such an alkane, 
and was arbitrarily assigned the octane number of 100. The straight chain 
R'hcptane was gi\'en the octane number of zero because it has poor anti- 
knocking property. I he octane number of a fuel is thus described as the 
percent by volume of {'ro-octane that must be blended with /t-heptane to 
produce a blend having the same anti knocking characteristics as the gaso- 
line under study. The octane number of a gasoline is determined by com- 
paring its performance in engine tests with the performance of a mixture of 
isu-octanc and n-octanc. The proportionsofthemixture a ’'e varied until the 
mixture produces a knock of the same intensity as that pr<.«*uced by gaso- 
line. If equality of proportion occurs when the mixture is 80% Iso-octane, 
and 20% of heptane, for example, then the gasi>line has .in octane number 
of 80. Among the paiafhn<. and olcflins. the inctanc number decreases as the 
chain length increases, but this number is higher for compact molecules. 
This is illustrated by the folUiwing examples; 


M'Pentane 61 

2. 2- dimethyipcntane 1^3 

2. 3- dimcthylbutanc 95 

2. 3, 3-trimcthylpcntane 99 

2, 2, 4-trimethylpeotane 100 


Cetane number: It is a measure of the ignition quality of the diesel fuel 
and is analogous to the octane rating of gasoline. The octane number is 
measured by comparing the ignition delay of the test fuel with that of fuels 
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containing different percentages of cetane anda-methyinaphtbaleoe. Cetane 
has a abort delay period while «>methylnaphtbalene ignites slowly. The 
cetane composition of the reference fuel and the test fuel have equal igni- 
tion delay period. The cetane number of the test fuel is thus equal to the 
percentage by volume of cetane in the reference fuel at this point. For 
medium and high speed engines the cetane number should be between 40 
and 60. 

The quality of a fuel can be improved by the addition of certain com- 
pounds known as mti knocking agents, such as tetraethyl lead (C|Ht) 4 Pb. 
The function of such compounds is to convert a gasoline into branched 
hydrocarbons by alkylation and polymerization. 

7.« SYNTHETIC GASOLINE (FLtELS) 

Because of the increasing demand of gasoline, it is also obtained syntheti- 
cally from coal. Two methods were developed at the time of World War II 
in Germany. 

7.8 1 Bergios Process 

Coal is a mixture of hydrocarbons and can be heated in the presence of hy- 
drogen at 450-480* and at a pressure of 200 atmospheres. A catalyst, 
iron oxide, is also employed. The mixture K then fractionaily distilled to 
obtain a high quality gasoline (octane number 75 80) 

7.8.2 Fiscfaer-Tropsch Process 

It consists of the hydrogenation of water gas produced by the action of 
steam on red-hot cdcc. 


& 

C f H,0 ► H, CO 

nCO 2nH, ► C„H», + nH,0 

nCO ^ (2n OHj ■ C«Hyi^ 4 'f nH,0 

Carbon monoxide and hydrogen gas are passed over an iron oxide cata- 
lyst and the mixture is heated at 200-300®. It is then fractionally distilled. 
The motor fuel so obtained has a low octane nuthber (40), further process- 
ing is thus needed to obtain a premium fuel. 

The world’s demand for fuel nowadays is astronomical. This had Idad to 
a considerable depletion of the natural sources. As a result, mankind faces 
a severe energy crisis. Additional sonrees of energy such as soiar, nifelear 
and hydroelectric are being intensively developed. Other potential sohrees 
of energy are the vegetable and animal wutes. Methods for the production 
of petroleomare being looked into. Recently Gobar Gas plants have beat tet 
in our country to produce gas for heating^ cooking and industrial purposes. 
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QUESTIONS 

7. 1 What iscracking? How is it useful in the petroleum industry ? 

7.2 Write structures for all the isomers of the formula C^H^. 

7.3 Write structural formulas for the following compounds; 

a. 3,3-Dimethyl*4-ethylhcxane 

b. 2,2-Dichloro.3-bromo-3-methyihcptane 

c. neO'Pentane 

d. /ro-Butane 

c. 2-('yclobutyl-3,3*dimethylheptane 

f. /50-Octanc 

g. 4'( 1 -Kthylpropyl )-2-methy Inonane 

h. 4-isopropyl -3-methylhcptane 

7.4 Which of the isomeric pentanes can form only one mono-chloro sub- 
stitution product ? 

7 5 What ij meant by the term octane number ? Also what does it mean 
by a certain gasoline having an octane rating of 85. 

7.6 Give reasons for the following: 

a. Octane has amp. —.^7* while 2,2,3,3-tetrametbylbutane 101*. 

b. A tertiary free radical is more easily formed than a primary free 
radical. 

c. Ethanol is soluble in water but ethane is not. 

d. Methane is more stable than other higher alkanes. 

e. The quality of a fuel is improved by the addition of tetraethyl 
lead. 

7.7 Describe the mechanism for the formation of ben7yl chloride from 
toluene by photochlorination. 

7.8 Write the products of each of the following reaction: 



a. HjCX:H---C iHj- 

\ 

CH, 

RNH, 

b. CH,CH,CH,MgBr 

• hv 

c. (CH,)4C fa, 


Pt 
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CH, 

/ Hl/P 

d ClCHjCH ► 

\h3 


e. 


f. 


a ♦ CHjChjI iifi, 


It 

500 “ 

g. CH,CH»CH, -► 


7.9 Write a short note on the photochemical reactions 

7. 10 A sample of gaseous hvdrocarbon occupying 1 1 2 litres at N T.P. when 
completely burnt in air produced 2 2 gofCO^ and 1 8gofH,0. Cal- 
culate the weight of the compound taken and the volume of oxygen 
at N.T.Pm required for its burning I md the molecular formula of 
the hydrocarbon. 

7.11 a. What arc the theories regarding the origin of petroleum 7 

b. ^^hat is meant by cracking in the petroleum industry *> 

c. State any one method for the synthesis of petrol. 

7. 12 a Discuss the reactivity of halogens towards methane 
b. Write a note on the combustion of alkanes 

7 13 A mixture of ethyl- and isopropyl -iodides is heated with metallic 
sodium in dry ether. Predict the products 

7.14 Describe briefly what is meant by the following terms: 

Reforming, knocking, octane number, petrochemicals and scrubbing. 

7.1 5 Indicate with relevant equations three different methods for the 

conversion of iso butyl bromide to i»-boiane. t 

7.16 Write the possible mono-substitution prc»ductsthat would be obtained 

by the chlorination ol isopentane at 300’C, which isomer would you 
expect to predominate ? > 

7.17 Discuss the selectivity in the chlorination and bromination 0f iso- 

butane. 

7.18 Explain why branched alkanes have lower bbtling points than the 
corresponding straight chain isomers. 
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The class of organic compounds that contains a C --C bond is called ulketies 
or okfins. They have two hydrogen atoms less than the corresponding 
alkanes and are obtained during the cracking of alkanes. The carbon-carbon 
double bond is sometimes called an -cnc function and it occurs widely in 
nature from substances in petroleum to fats and oils to vitamins and 
hormones. Compounds containing several double bonds are of particular 
significance in biochemistry, for instance. ^-Carotene, the yellow coloring 
matter is present in many plants such as carrots and tomatoes. 



Compounds with two double bonds are called dienes. Alkenes possess the 
general molecular formula Methylene, Cifj, which should have been 

the first member of the homologous series does not exist in the stable form 
The series, therefore, commences with ethylene and its structure is given 
below; 




Structural Formula 
uTEthykHW 






Molecular Orbital Representation 
of Bthylena 
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The C—C bond formed by lateral overlap of two carbon ap* hybrid orbitals 
has an intemucicar distance of 1 .34 A which is shorter than the normal C — C 
distance (1. 54 A) because the carbon atoms are held more tightly in 
ethylene. The C — C bond, is composed of a a and a « bond; the latter is 
the distinguishing feature of an alkene and is responsible for its chemical 
reactivity. The unhybridized 2p, orbitals on each carbon atom, that arc 
perpendicular to the plane of sp* orbitals, overlap by a new kind of over- 
lap, i.e. the side-side overlap to form the «-bond. The lobes extend both 



Fig 81 



Fig. 8.2 


above and below the jrfanc of the sp* orbitals. The p-orbitals overlap is 
maximum when such orbitals are parallel to each other, (Fig 8 1) but per- 
pendicular and a strong bond results. If the orbitals are not parallel (i'ig. 
8.2), then a weaker bond results because of insufficient overlap. Ethylene 
is planar and the bonds subtend an angle close to 120“ which is the angle 
at which each of the three groups attached to the olefinic carbon atoms 
arc farthest apart. The «-bond is also present in the carbonyl group 

^ - O ^ in which the carbon and oxygen atoms are linked together by a 

double bond. Restricted rotation about thcC=C bond in alkenes gives rise 
to geometric isomerism This is illustrated by the following example. 


CH, 


CH*CH, 


(/j-2-Pentene 


CH, H 

c=c 

/ \ 

H CH,CH* 

fr0fff-2-Pcnlene 


la the c/.T-isomcr, similar or bulky groups are on the same side of the 
double bond while on opposite side in the frans~itomer. If one of the 
carbon atoass, of the doulde bond is linked to two similar groups than 
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cis trans isomerism is not possible. The alkcnc, 2-methyM-prupenc has no 
cis'trans isomers. 


HjC If 

/ \ 

H,C « 

(no ctS'tram isomerism) 

8.1 NOMENCLATURE OF ALKENES 

The tales stated in Sec. 2.3 apply in the naming or alkcnes; the suflRx-ane 
for alkanes is changed to -ene, i.e. an alkene. The position of the double 
bond along the chain is indicated by a number and both doubly bonded 
carbon atoms are given the lowest possible numbers. 

•Clfj,- ’CH^CH ‘CH, 1-Butene 

(But-l-ene) 

’Clfa'C »CI1 H:Hj 2-Mcthyl-2-butcne 

1 (2-Melbylbut-2-cne) 

CH, 

If the suflix starts with a consonant then the letter a is also attached as is 
evident fn)in the following, the suffix is diene if two double bonds are 
present. 


•CH* *CI1—K'lfg— *CH^'CIIj. 1,4-Pcntadiene 



3-McthyIcycIohexa-I, 4-dienc 


If necessary, a prefix cis or irons is employ' t, for geometric isomers. 



efr-l-Cyclobutyi-l>propen« 
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8.1.1 The E>Z NomcBchitiire for Alkeaes 

An additional example may be described for and /rons^l-cbloropropenes. 


CH, Cl 

Vc/ 

/ \ 

els-l -Chioropropeae 


H,C H 


/ - 
rr<inr>l.Chloropropei)e 


The cis- trans nomenclature of alkenes is convenient in simple cases as shown 
above. Many geometric isomers, however, that have more than two atoms 
or groups of atoms other than hydrogen bonded to the olelinic carbon 
atoms cannot be named by the c/s* trans system of nomenclature. For 
instance, isomeric 2-bromo*l*chlorobatencs have three different groups 
bonded to the carbon*carbon double bond. On the basis of the c/r* trans 
nomenclature, either of these can be named as /runr*2*bromo>t'Chlorobutenc 


Cl 


Br 

(A) 



Isomeric 2*bromo-I-chlorotHitenes 


because in structure (A) chlorine is trans to ethyl while in (B) chlorine is 
irons to bromine. This can thus lead to confusion in naming such isomers. 
The chemical abstracts service has proposed an unambiguous system that has 
been adopted by the lUPAC This is termed the E-Z system of nomenclature. 
According to this system, the two groups attached to each end of the carbon- 
carbon double bond are assigned priority numbers in the same way as 
enantiomers by R/S configuration using Uie Cahn-lngold-Prelog (CIP) 
sequence rules. When the groups of higher priority on adjacent carbons are 
on opposite fide, configuration is £ (from the German Word, entgegen, op- 
posite). If the groups of higher priority are on the same side, the configura- 
tion is Z (from Ae German word, zusammen, together). Four sequence 
rules arc used to determine priorities. These rules were discussed in connec- 
tion with R/$ configuration (see C tiapter 4) 

8.2 PHYSICAL PROPERTIES OF ALKENES 

The alkenes possess physical properties similar to the saturated hydfo- 
carbons, the alkanes. The melting pdots of highly substituted alkenes hie 
higher compared to the straight chain olefins. Their boifing points increase 
gradually, as is clear from Table 8.1, by 20-3(P per carbon atom, as the 
carbon chain increases in length. They are insoluble in water or ethanol 
but soluble is son-polar solvents namely ether, benzene or tigroin. LUce 
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alkanes, the alkenes are also non-polar. Alkenes show geometric isomerism 
and the cts form possess a dipole moment (Table 8.2) while the trans- 
alkenes do not- Furthermore, a /rnns-isomcr is usually more stable than 
the c/j'isomcr because of the steric interactions of the bulky groups in the 
latter at both the olefinic carbon atoms. The alkenes do not display optical 
isomerism. 


Table 8.1. Physical Properties of Alkenes 


hydrocarbon 

Structure 

Melting 

Point 

(*^C) 

Boiling 

Point 

ec) 

Density 

Elhylenc 

HjChoCHj 

-169 

- 10 : 


Propylene 

CHtHa 

185 


0,5193 

1 -Butene 

H,C CHCH/ II3 


-6.5 

0.59SI 

NPcntcnc 

1 •Hexene 

HjC CHCKjCHjCH, 

H,C CHCHgCHjCHjCHj 

-138 

30 

63.5 

0.6405 

Butene 

H,C CH3 

\ / 
c -t: 

/ \ 

H H 

- 139 

1 

0 6213 


CH, H 

\ / 

C^C 

/ \ 

H CH, 

-106 

I 

0.6042 

ijpo*ButylcDe 

CH, 

\ 

C=iCH, 

Ci^ 

-141 

7 


c/j-2-Pentetie 

CH, CH,CH, 

C^C 

\ 


37 

0.6556 

/raii^2-Peneloc 

H 

\ / 
c«c 


36 

0.6482 


/ \ 

H 01,01, 
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Table 8.2 Dipole Moments of Alkenes 


Hydrocarbon Structure m p. b.p. Dipole 

(®C) (®C) Moment (|xl» 


cir-2'Butcne 


CH. 

\ / 

c=rr 

/ \ 

H H 


/roAjO-Btttcne 


CH, 

\ / 

C^C 

/ \ 


H 


H 




Cl 


Cl 


\ 

f/5-1, 2-Dkhloro« Cs=c 
ethylene / \ 

H II 


frorts-t, 2-DichIoro 
cth>lene 


a H 

\ / 
c= c 

/ \ 

H < I 


-139 4 0 33 


-106 1 0 


-60 ^lO 1.85 


-50 48 0 


8.3 PREPARATION OF ALKLNES 

Alkenes are obtained in the petroleum mdustr>' by the process of cracking 
They can be obtained b> '■cveral synthetic methods and most of them involve 
the process of elimination. 

1 Dehydration of Alcohols. On heating a primary alcohol with con- 
centrated sulfuric acid or phosphoric acid at 1 80% an alkenc is formed 
Propanol, for instance, yields propene under these conditions. Ethylene can 
be prepared in the laboratory by heating ethanol with cone, sulfuric atlid 
at 160’C. 

Cone. H^SO^ 

CjUgOH ► CH,-^ Cn, i 11,0 

160*C 

Cone HLSO- 

CH,CH,CH,OH — CH,CH CH,4 H,0 

J80®C 

1-Propanol Propene 

If the temperature is kept at WO", then an ether results. Secondary and 
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tertiary alcohols can be dehydrated readily in the presence of dtl. slufuric 
acidand at low temperatures. The case of dehydration among alcohols is 
3* > 2* > 1*. 

CH, 

\ 85% HjSO,. 160-165*C 

CH— OH CH*CH 

CH^ 

liO'Propyl alcohol Propene 

CH, CH, 

\ 20% H,SO,, 85'‘C \ 

CH,— C—OH C CH, 

CH,"^ CH^^ 

/•Butyl alcohol in>- Butylene 

Mechanism 

The generally accepted mechanism of dehydratioti involves the following 
steps: 


fast 

CHaCHjCH.OHf H+ y — — CH,CH,CH,OH,+ 

H H 

I slow I 

CH,CHCH,OH + . CH,CHCH/-1-H,0 

H 

I 

CH,CHCH,+ j Clf,CH CH, ^ H+ 

The hydroxyl group of alcohol is protonated to form an oxonfum ion. Then 
a water molecule is lust to yield a carbocation which rapidly loses a proton 
to form the alkene. This is an example of an reaction, i.e. in which only 
one molecule is involved and is a first order elimination reaction. The order 
of dehydration is dependent on tlie stability and ease of formation of the 
carbonium ion. Since an alkyl group is electron-donating and a tertiary 
carbonium ion contains three of them, as a result, it is more rapidly formed 
and thus accounts for the ease of dehydrati.'n of tertiary alcohols. Among 
protonic acids used as catalyst, sulfuric add is the most suitable because 
its anion (HSO,"), is easily split off from the positive carbon atom as com- 
pared to the anions of other acids like HCl. 

Water can lUso be removed from alcohols in the vapor phase in the 
presence of aluminum oxide, Al,0„ which acts as a Lewis acid. 

A1,0,. 350*C 

CH,CH,CH,OH ► CH,CH CH, }- H,0 

l*Prm>anol Propene 
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2. Dehydrohahgenation of Alkyl Halides: Atkeoes can be prepared by 
beating an alkyl halide in the presence of an alcoholic solution of a base. 
A molecule of hydrogen halide is lost and the process is known as dehydro- 
kalogenation. To favor elimination, a high temperature is employed. 

Ale. KOH, A 

CH,CH,Br CH,=CH,+ KBr -f H,0 

This is an example of an E, reaction as it follows second order kinetics. 

3. Dehydrohalogenation of Vicinal Halides: Vicinal or vie halides arc 
dihalo compounds in which halogens are situated on adjacent carbon atoms. 
The name geminal (gem) dihalides is used for those dihatides in which both 
the halogens are attached to the same carbon atom. Elimination of such 
compounds takes place under mild conditions In the presence of zinc dust 
or iodide ion. 


H Bf 

I I Zn/CH,COOH 

HC— CH ► H,Ce=CH, . ZnBr, 

J J 

Br H 

Br 

\ j 2 Nsl 

\ ! acetone 

1, 2>Dibroinocyclopenlanc 

Debromination by zinc takes place on the surface of the metal and the 
meebamsm is uncertain. With Nal, the reaction takes place by elimina- 
tion. This reaction, however, is not of much practical utility because dihalides 
themselves arc prepared by the addition of halogen to an alkcne. 

4 Cracking: Petroleum is a complex mixture of hydrocarbons. 
Heating (above jOB^C) of petroleum produces large quantities of a mixture 
of olefins. 




y I + 28 r“ 


Oclopcntcnc 


CH,-CH,— CHg~CH, 

♦ t 

u b 


n-Butane 



a 


► CH*-|-CH,«CHCH, 

b 

► CH,«iCH, + CHjCH, 


8.4 REACTIONS OF ALK£N£S 

The double bond is the functional group of alkenes and it undergoes a 
variety of interesting chemical reactions. The most important of these is 
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the addition to CaC bond to form saturated products. Since olefins are 
electron rich they are easily attacked by electrophilic reagents. 

1. AJJUIoh of Hydrogen'. An atkcne absorbs hydrogen in the presence 
of a catalyst, platinum or palladium, at room temperature. Hydrogenation 
is an exothermic process (Af/’ssSO kcai/mole). Both the hydrogen atoms 
attack from the same side of the double bond and the process is known as 
cis~addition. 


\ / Pt or Pd II 

C.-C - H, --C-C— 

Hydrogenation of 1, 2>dimethylcyclohexcDe leads only to the cis product, 
and the trans-iwmer is not formed. 



^ 2. Addition of Halogens: Addition of halogens to alkenes affords 

vicinal halides, and is a general reaction for^their preparation. 



\ 




where A' « Q, or Br.. 


RCH. CHR+Br, 
An alkene (red- 
tcolorless) browat 


CCl- 

► RCHBrCHBrR 

A dibtomoalkaiK 
(color teas) 
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The addition of bromine to un alkcne is used as a qualitative test to 
detect the presence of unsaturation in a compound. 

Mechanism 

Halogens add in a stepwise polar mechanism. Addition of bromine 
to alkenes takes place in a stercospcciiic trans manner in contrast to 
hydrogenation. In the first step bromine molecule is polurixcd (dipole* 
induced dipole) in the presence of the C=-C bond which is a region of high 
negative charge density and the positive*end is attached to the double bond 
to form a cyclic three membered bromonium ion intermediate, in the second 
step, the bromide ion approaches from the opposite side as shown, to form 
a trans product. 




Br 


^ ^ ^ 

Br*» 


- er 


Br- 






Vic-Dibromidc 


er 





Bromonium ion 





trans- 1 .2.-DibromocycIohex4ne 



A specific example is the addition of bromine to i^clobexene. 

It is noticed that the reaction takes place in two s^ps. The first Step 
involves the formation of a bromonium ion in the manner shown. In the 
second step, this ion being a highly reactive species quickly combines with 
the bromide ion to lead to the product. To prove this, it should be possible 
to trap the cyclic bromonium ion by adding a different negative ion. This 
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indeed has been found by adding bromine to aikene in the presence ofLiCl. 
The reaction products were identified as a mixture of 1 ,2-dibromoethanc 
and l-broroo*2'ChIorocthane but no 1,2-diehioroethane because the chloride 


H Br 



H-C-(!:— H 

I I 

Br H 
H Cl 

H-C-i— H 

i i 

Br H 


ion competes with the bromide ion only after the bromonium ion inter- 
mediate has been formed. A fraction of the product is also formed containing 
an — OH group, by reaction of the intermediate with water used as solvent. 

Further evidence that addition is trans can be obtained by the bromina- 
lion of substituted alkcncs such as cis- and /ra/>r-2-butcnes which yield 
stcreochcmically different products. 



irans*2*Bui«<Mi 


meso 
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Addition of bromine to c/jr*2-butene leads to an enantiomeric pair while 
a meso product is obtained from addition to the /ra/ir>2>butene isomer. 

Addition of chlorine to a double bond is less stereospecific. Iodine i.s 
added under photochemical conditions. 

4. Addition of Hydrogen Halides'. An aikene is converted into the cor res* 
ponding alkyl halide by the addition of a hydrogen halide (HCI, HBr or HI). 
The hydrogen halide is often dissolved in acetic acid. 

CH,«CH.+HBr ► CHjCH.Br 

Lthyl bromide 


Q.x — cr" 

Cyclopenteoe Chlorocyclopentano 



Addition of HX to an alkenc is exothermic by — 13 to — 16 kcal/molc. 
This addition also takes place in two steps. HCN does not add similar to 
HBr, because the latter is a stronger acid and a better source of proton. 

When a hydrogen halide reacts with a symmetrical aikene, there is only 
one product possible but in the case of an unsymmctriuil aikene there is 
the possibility of forming two products as shown for i5o>butylene. Under 


CH, 


\ 


CH, 


/ 


C=»CH,+HCI 


/a»<ButyIene 



CH, 

\ 

Cl 1,“*"C— Cl 

ch/ 

t-fiotyl chloride 

CH, , 

\hch,ci 

CH,' 

tjsa*Butyl chloride 
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these circumstances, the formation of the major product is decided on the 
basis of a^neralization called Markownikoff’s rule. This rule states that 
the negative part of the adding species attaches itself to the carbon atom 
which is more highly substituted (or contains lesser number of hydrogen 
atoms). This is rationalized in terms of the stability of the intermediate 
carboniura ion. Consider the addition of HCI to /ro-butylene. The first step 
of the reaction is the formation of a carbonium ion. Recall that a tertiary 
carbonium ion is more stable than a primary carbonium ion, therefore, if 


CH, 


\ 

C 


CH, 




CH, hH* 


I 






CH, CH, 

\ n- \ 

GHj—C"*" ► CH,~C-— Cl 

/ / 

CH, CH, 

3 “ 

CH, CH, 

\ Cl- \ 

CHCH,+ > CHCHjCI 

/ / 

CH, CH, 

1 “ 


the structure, of alkene is such that it can form two different carboca* 
tions, It will form the stable one predominantly because the activation 
required for its formation is low (Fig, 8.3). Thus /-butyl chloride is the sole 
product of the addition. 



Pig- 8.3 Potential energy diagram for the addition of HCI to /lo-butylene 
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A number of alkencs such as 2-pentcne, 1 •butene, styrene, etc. obey 
Markownikoflf rule. From the addition of HCi to ryo^butylenc it is noticed 
that f'butyl chloride is formed exclusively, the Markownikoff addition is 
thus a regioselective reaction. A regioselective reaction is one which can 
potentially yield two or more structural isomers but in ptacticc gives one 
or predominance of one. 

The Markownikoff rule is useful in predicting the products of addition 
to an alkene. If an electron-pulling group is present at one end of the alkenc 
then the addition is reversed. This is illustrated for this addition of HCi to 
3,3,3-trichloropropcne. 


CJ^CH=CH,-f-H+C|- 


> CI,C(’H,CH/ — > ClgCClI,CH»Cl 

' I la 

1. CljCCII+CH, — ► CI.CCHClIj 

1 

Cl 

11 lib 


Addition of HCI to 3,3,3-trichloropropcne leads to product (la) and not 
(Ilb) because the carbocation (I) is more stable than (II) after the addition 
of a proton to the C«C bond. 

5. Addition of HBr {Peroxide EJfeet): Addition of HCI and HI takes place 
according to the Markownikoff ’s rule but the picture for HBr for long was 
quite confusing. Kharasch discovered that the addition of HBr to an alkene 
was affected by the presence of peroxides such as benzoyl peroxide or oxygen. 
Their presence causes the addition of HBr to proceed in an anti-Markow- 
nikoff fashion. For instance, addition of HBr to styrene affords 2-phcnyl-l- 
bromoethane and not I-bromoethylbenzene. 

Peroxide 

C,H»CH«CH, i HBr C,H»CH,CH,Br 

Styrene 2-Phcnyl-l-bromocthanc 


Mechanism 

The mechanism of the reaction proceeds fia a free radical rather than a 
carbonium ion intermediate. Benzoyl peroxide dissociates into RO' fkee 
radicals whidi abstracts a hydrogen atom from HBr to generate a free Br 
radical. 


Initiation: 


RO— OR 
xy + HBr 


k*ot X 
♦2RO 


( 8 . 1 ) 


Br-fROH 


( 8 . 2 ) 
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Propagation; 


C,n,CH CH,4flf 


->C,H6CHCH,Br 


(8.3) 


C.HjCHCHaBr+HBr vC,H,CH,CH,Br + Br (8.4) 


Termination: 


r6+r6 ►ROOR 

IrO + Br ► ROBr 


(8.5) 


The free radical addition is faster than the hetcrolytic addition because the 
chain propagating steps are exothermic. 

Note that the Br - radical (rather than in the case of Markownikoif 
addition) attacks the double bond to produce a free radical as an inter* 
mediate. Attack of the Br- atom can also give rise to two possible free radi* 
cah (111) and (IV). The former being secondary is more stable which accounts 
for the formation of the anti-Markownikoif product. 



CHCH«Br 



In this reaction liBr occupies a unique position because HCl and HI do 
not add similarly to aikenes in the presence of peroxides. The reaction with 
hydrogen chloride fails because the hydrogeu'chlorine bond is too strong to 
permit an abstraction of the type shown in equation (8.2). Hydrogen iodide 
has a low'er bond energy but the reaction fails here for an entirely different 
reason. The carbon*iodine bond, in this case is not of sufficient energy to 
promote a reaction analogous to equation (8.3). 

6. Adition of Hypochlorous Acid: Halobydrins are produced by the addi- 
tion of aqueous solutions of halogens such as Cij or Br,. In H <-0 — X, the 
O — rather than the O — H bond is broken and the tnoiccule is polarized 
in the manner HO*~...X*+. The halogen thus assumes the role of an electro- 
phile and attacks the double bond. The addition takes place according to 
the Markownikoif rule and in unsyrainetrical alk oes the halogen is attached 
to the carbon with the greater number of hydrogens. 


H H 

\ 


4 - 


OH 


2<<hloroe(hanoi 

haleliyitriid 
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CH,CH*=CH,+HO»-Bi»* — ► CH,CHCH,Br 

iH 

Fropylene l•Bromo-2-propanoI 

(a bfomohydrin) 


Mechanism 

A suitable mechanism for this reaction involves the addition of Br'*' followed 
by the attack of water and subsequent loss of a proton. 

Br 

\ / 11 

C=C +Br«-...Br»- — ► -C— 

/ \ I + 


Br Br 



The addition takes place in a trans manner analogous to the addition of 
halogens. Addition of HOCI to cyclopentene thus gives fro/tr- 2-chlorocyclo- 
pentanol. 



Q'clopentene 


Iran »- 2 -Chlorocyclopenlanol 


7. Addition of Sulfuric Acid', Cold cone, sulfuric acid adds to olchns to 
give alkyl hydrogen sulfates in a two step mechanism. 


4 H^OSO,H- 

/ \ 


H 


OSO,H- 



I 

H 


' ► —jj— -f-HjiSOj 

I I A 

OSO,H 


’ <iH 


The «-bond being electron rich, accepts a proton from the acid leading to 
the initial formation of a earbocation. iliis has only a fleeting existence 
and in the mixture takes up the negative portion of the acid to form a 
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staUe product. If the alkyl hydrogen sulfate solution is diluted with water 
and heated an alcohol is produced. 

8. Addition of Water (Hydration): Ordinarily, an alkene can be shaken 
with water indefinitely and nothing will happen. However, if an acid is 
present in a catalytic amount, a water molecule can be added to the double 
bond. The resulting product is an alcohol. Theprocessofhydration,i.e.,the 
addition of elements of water is more complicated, then the addition of 
hydrogen halides, because the reaction is reversible. It is accomjdished in 
the presence of sulfuric acid (60'80%) as a catalyst. 

H+ 

CH,CH- CH, f HjO CHjCHCH, 

OH 

Propylene /ro-Propanol 

Addition takes place in accordance with the Markownikoff’s rule. 
Mechanism 

The mechanism for the hydration of an alkene in its simplest form can be 
formulated as follows; 


H 


\ / 

C«C +H+ 

-U- 

/ \ 

1 + 

H 

H 

J;_(L +H.0 


1 + 

' L,. 

H 

H 


1 1 


in 


The first step involves the formation of a carbocation by the addition of a 
proton across the double bond. The subsequent steps involve addition of 
water and loss of a proton. In hydration, sulfuric acid and not HBr is used 
as a catalyst becatue the sulfate ester which is also formed, can easily be 
hydrolyzed. * 

Hydration ofalkenesand the dehydration of alcohols are reversible pro- 
cesses and illustrate the principle of nderoseopk reversibility. According to 
thte principle, the forward reaction and its reverse process proceed through 
the same mechanism, but in opposite directions. 
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9. SjnbvbortaUm: X>iboam, B|H«. rapidly adds to a 6»!C bond 
to yield a triaUcylborane. 

Dtborane (a flammable gas) is often prepared in aitu by the addition of 
sodium bMohydride to boron ti^ooride etherate. 

ether 

3NaBH4+4BF, 3NaBF«+2B,H, 

The addition of dtborane to an alkene is quantitative and the aUtyi boron 
can be oxidized readily by alkaline hydrogen peroxide to an alcohol. Three 
molecules of alkene react with one that of This constitutes an impor- 
tant method for the preparation of alcohols and was devised by Prof 
H.C. Brown of Purdue University. U.S.A., Nobel pri/e winner (1979). 

6RCH=CH,+ B,H, ► 2(RCH,CH^B 

Trialkyiborasc 

H.O^OH- 

(RCH,CH,),B 3RCH,CH,OH-|-H,BO, 

The addition is controlled by steric factors as the boron atom attacks the 
less substituted carbon atom, for which reason addition is anti-Markow- 
nikoff. Moreover, addition takes place in a cm manner. The hydroboratioo 
reaction is also highly rcgioselective because the hydroxyl group always 
appears at the less substituted carbon atom. This Is iflustrated by the 
fediowing exam{de: 



1 .Methylcyclopentene 

muw.Methylcyciopentenol 

Sitndarly 2,4,4-trimethyl-2-pcnteoe 
methyl>3>pcntanol. 

yields 98% of the alcohol. 2.2,4*trll^ 

CH, 

CH, 


0)m, / 

(CH,)/rHdH 

1 \ 

(ll)Qxl 1* \ 

H CH, 

OH CH» 


It is eqpeeiaily important to note that a number of other functional gem^M 
may be present in an alkene and yet ronain nnalTeeted by hydrobomtida* 
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10. HydroxyUrtkm {Gfyeot Formartony. Cold, dilute and neutral potai^m 
permanganate solution, at low temperature, converts an olefin into a glyool, 
i.e. a ds l,2*dio{. A brown suspension of Mn(OH)i appears. A high tempera- 
tare is avoided since cleavage of the double bond takes place- 



Cyclohexeoe 1,2-CycIobexanediol 


This reaction is frequently employed to detect unsaturatmn in a molecule 
as decolorization of the purple color of KMnO« occurs on addition of an 
unsaturated compound and is called the Baeyer's test. 


+ 2 KMn 04 + 2 K 0 H 

/ \ 


-U- 

I I 

OH OH 


+ 2 K,Mn 04 


Mechanism 

The mechanism involves a cyclic transition state as follows; 


Y 

I! ■fKMn04 
C 

/\ 


■ J, ® 

— C— Ox / 

a-o>“\ 

L I O-K^ 


H,0 

OH-- 



HO O 




HO 


/ 


Mn 


\ 

0-K+ 


The intermediate ester is then cleaved at the dashed lines. 

. If this reaction is not carried out carefully, further oxidation pro- 
ducts are fonned. cyclohexene, for instance, fc. as adipic add. 



l^COOH 


Cydohexene 


Adipic acid 
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The prineipid use of KM 11 O 4 oxidatiin is in the syntheita of acids and in 
structure elucidation of aOcenes. The alkene, for thispurposc* is treated with 
hot potassium permanganate sdution and a terminal alkene HfC- , is con* 
verted into CO, and water, a monosubstituted alkene; RCH«, to an acid, 

R 

RCOOH; whereas a disubstituted alkene C-=, yields a ketone. For 

/ 

instance, 2-ethylpent* 1*606 is converted under these conditions to ethyl 
propyl ketone. 


(1) KMnO., OH-, A 

CH,CH,CH,C»CH, CH,CH,qH^ - O f C0,+H,0 

U u 

The medhanism of the reaction is believed to involve the formation and 
cleavage of intermediate glycols. 

II. Oxonolysis". Atkenes react with ozone in an unusual reaction m which 
die double bond is completely destroyed to form an ozonide intermediate. 
This intermediate is highly unstable and is prepared below 20*C in a non- 
aqoeous solvent. Under mild reducing conditions (Zn/H,0) the ozouide 
gives two new fragments, each of which has a carbonyl group. Under 
oxidizing conditions (H,0,), corresponding carboxylic acids ate produced. 
This also serves as a method for locating a double bond in a molecule. 




I 





<A iEwilterion) 


(OaonMe) 
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The ozonotysis procedure breaks the C C bond and attaches an oxygen 
atom to each of the carbon containing the original double bond. Aldehydes 
or ketones are formed in the reaction. Ethylene forms only formaldehyde, 
H,C 'O by ozonolysis; propylene forms both formaldehyde and acetal- 
dehyde,- CHsCHO; and isobutylene gives acetone (CH,),C- O, and 
formaldehyde. The following products are obtained from 2-butene. 





chjCho 

fr. CH3 COOh«CH3COOk 


2- Butene 

Cyclohexene yields Hexan- 1,6-dial on ozonolysis. 


Q3 f " dust/H20 0HCCH2CH2CH2CH2CHO 

Cyclohexene 1 ,<!-Hexan-dial 

Knowing the number and arrangement of carbon atoms in these fragments, 
one can work back to get the structure of the original alkene. This is 
demonstrated by the following example: 

CH,CW,C 0+0 -CHCH.CTf, >CHiCH,C CHCKjCH, 

c^H, <!:h. 

Methyl ethyl ketone 3-Methyt-3-hexene 

1 2. Epoxidation'. Reaction of a peracid with an alkene yields an 



Cyclohexene oxide 


oxirane. The reacikm is stereospecific rtr-addition. 

13. Substitution bp Uatogenr, An alkene can undergo a substitution 
rather than addition to the C C bond by changing the conditions. This is 
found to be the caae when the alkene Is heated at S0fi-60(fC in the presence 
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ofhaloig^na. Snbstitotion takes place at the adjacent olefinic carbonidoms. 




Propykoe 

The ittbstitotion reaction probably involves a free radical mechanism. 

14. Oxo Synthesis: An alkene, on reaction with a mixture of carbon 
monoxide and hydrogen (water gas), in the presence of nickel carbonyl 
and un^r high pressure yields an aldehyde. 

Ni(Co), 

H^«CH,+CO+H, ► GHjCH^CHO 

Etbyleoe Proptonaldehyde 

8.5 USESOFALKENES 

Because of their easy availability and reactivity, ethylenes arc used as raw 
materials in many chemical industries for the preparation of polymers, 
glycols, aldehydes and other useful products. Isobutylene is used to make 
/•butanol. 

8.6 DIENES (DIALKENES) 

Unsaturated hydrocarbons containing two C -C bonds are called dienes and 
possess a general molecular formula, These are isomeric with th^ 

alkynes having a corresponding carbon skeleton. Dienes are classified accord* 
ing to the relative poritions of the two double bonds. Those dieses which 
contain an alternate system of single and double bonds are called conjugated. 



H H M 

i. \.. 


J.3HButsdiene 



1, Miydoh s xadi ene ffiKl. 3«?Mttsdicoc 


If two or more saturated carbon atoms intervene betwemt the doubfo hemds 
in a diCDe then it is termed as an Isolated double bond. 



CH, =.CH,CH,CH«CH, 
1, 4*1Pentadime 
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Hydrocarbons which contain cumuiated double bonds are called anmknes. 
Allene is the name given to molecules containing two cumulated double 
bonds. 


H,C-C-CH, 

AUeoe 

Physical properties of some common dienes are given in Table 8.3. 


Table Physical Properties of Dienes 


Hydrocarbons 

Structure 

ni.p (®C) 

b p. (®C) 

njPACKame 

Allene 

H,C C CH, 

-I4« 

-32 

i,2*Propadiene 

Methyl allene 

l!,CX’H=*C-=CH, 

-136.5 

-10.8 

1,2-fiutadtene 

Butadiene 

H,C -CHCH CHj 

-108.9 

-3.0 

1, 3* Butadiene 

tso Prene 

H»C CCH -CH, 

1 

CH, 

-I45.V 

-34.0 

l-Methyl-I.J. 

butadiene 

Piperylene 

CH,<' aiCH CH 
1 

( -87.5 

-43.0 

1 *3-Pentadicne 


1 

H 




Chloroprcne 

H,C .CHCH»CH, 

1 

Cl 



2-irhloro-l fJ-bula* 
diene 


8.^.1 Botadiene 

This is also known as 1. 3-butadienc and contains four carbon atoms. The 
bonding in butadiene seems to be somethin.', different than that expected for 
two isolated C»C bonds separated by a single bond. A more plausible re* 
presentatiofi is one in which the C>— C bonds have a partially double bond 
character. In edhar niocds. the effect of the wdectrons is spread over the 
single bonds too. It possesses a resonance energy of the order of 3.S kc&\l 
mole and is attrUmced to the eatra stability ^tned due to theCr<-C) orbital 
overlap as shown bidow. 
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Structural Formula of 
1, 3<Butadiene 


Molecular Orbital Ropresentation of 
f, 3-Butadiene 


Butadiene is a gas at room temperature, b.p. —45°, insoluble in water and 
possesses no dipole moment. 1, 3-Butadicne is an important monomer. 


8.d.la Preparation 

1, 3-BDtadiene can be prepared by the following methods and generally 
involves elimination. 

I. Dehydration of a Diol: On heating at a high temperature, 1, 4-buta- 
nediol in the presence of Al^O, yields 1, 3-butadiene by elimination of two 
water molecules 


H,CCH,CH,CH, 

OH i>H 
i,4.Butanediof 


AljOj, 400-500* 

► H,C CHCH =CH, 

-2H,0 

# 

l,)>Butadiene 


2. Dehydrogenation-. A two stage dehydrogenation of butane in the pre- 
sence of chromic oxide catalyst, forms 1,3'butadiene. 


Cat., Pt Cat., A 

H,<:CH,CH,CHj CH, --CHCH,CHa ► H,C- CHCH-CH, 

Biuane — H, H, 1, 3-Butadiene 


3. Hydrogenation: Partial hydrogenation of vinyl acelyieoe leads ’to 
1,3-butadiene. 


H., Cat . Pt 

H^-CHC«CH - — ■> U^»CHCH ^CH, 

Vinyl aostidene l>>Btttadk»e 

4. From Ethanot-. 1,3-Btttadiaie may be prepared from ethanol by die 
following sequenoe of steps. 



Alkenes ct Oiefint ISS 


Mg6. ZdO. 4O»-SO0* Bate 

C,H,0H CH,CHO CH,PHCH,CHO 

Ethanol — | 

OH 

Aldol 

CHdCH=CHCHO >- CH,CH CHCH,OH 

- H,0 (Crotonaldehyde) 

AijgOji 

► H,C=*CHCH - CH, 

^ l,3*Batadiene 

The last step consists of dehydration and isomeri^tion. 

8.6.1b Reactions 

The reactions of dienes do not differ in any appreciable manner from those 
of alkenes. 

1 . Addition of Bromine: Conjugated dialkenes undergo addition in a some> 
what unusual fashion, but one that is wholly intelligible in terms of their 
electronic structure. When 1 .S-butadiene is reacted with bromine, there is 
obtained not only the expected 3,4>dibromo>l -butene but also l,4*dibromo> 
2-butenc. 


CH,- CHCH CH, 


1 ..VButadiene 


Br, 

— CH,CHCH- CH,-i CH,CH«CHCH, 

- Jl « ‘ J 

Br Br Br Br 

46% 

(t,2-addition) (l.d-addition) 


Reactions of this type have been found to be quite general with other con- 
jugated dienes, and 1,4-addition is often the major product of the reaetkin. 
Similarly 1,3-butadicne reacts with one mole of HCI or HBr to produoe a 
mixture of two products due to 1.2- and 1,4-addition. 


CH,*CHCH-CH, 

14-Biitaidleiie 



CH,-CHCHCH, 

(1.2.«difiUon) 

CICHsCH»CHCH» 
22% (1,4-wMitioiO 


This unusual behavior o*" I, 3-batadieoe is a consequence of the ddocalixed 
nature of the intenaediate ailylic cation. We know that electrophilic addi- 
tion is a two step prooese and that the first step takes place in such a way 
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as to give tlie more >ttabJecar^K>catioti.Tho addition of a proton yields a 
rasooanoe statnliaed altylic cation and subsequently a chloride ion forms a 


CHj«»CH CH—CMj + H* — - — CH^—CH — CH — CHj 


CH, — CM— »CH CH, 


6* 


or 


6 * 


CH, — CH— -CM CH, f Cl~ 

ll 


CHji — CH — CH — Cri^ 


CHj=— CHCHCHj + t\H/H CHCHj 
Cl 


bond with one of the carbons of this ion. The reaction at one carbon results 
in 1, 2-additi<m while reaction at the other gives the 1, 4-addition product. 

The addition of HBr to 1, S-batadicne is interesting in an additional 
manner. The relative amounts of 1,2* and 1 , 4-addition products arc depen- 
dent on the temperature of the reaction 


- 80 “ 

CH,CHCH * CH, + CH,CH CHCH.Br 

. ir 

t«0%> (20%) 

40 “ 

*> CHtCHCH CH,-fCH,CH«CHCH,Br 

Ur 

( 20 %) ( 80 %) 

At tow temperature (—8(9“), the major reaction is U 2-addition while at 
higher temperatures (40*^, the nuqor reaction is 1, 4-addition. Furthermore, 
when the product mixture obtained at low temperature is heated to 40**, 
then the retadve amounts of the two products alter, fn summary, thetl, 2- 
addihon product rearranges to the 1, d-addition product at higher tempe- 
ratiites where the latter is obviously mcHre stable. This behavior of p, 3- 
butadiene towards HBr addition can be understood by saying tha| the 
energy of aolivatieo lending to the 1, 2-addition is oonsidefably 
less then tbst needed for Uk 1, d-addititm product. Al low temperature 
more of the 1, 2-addition product is formed than the 1, 4-«ddition product 
At higliar tempemture both the products are formed tot, the 1, 2-addition 
product thot^ formed faster, is unstable and thus reverts bsci; to the 
mhrite cation mid bromide icw and rsarraages to give the i, 4*«dditiDn 


«CH,— 

+ 

HBr 
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product. The 1, 4-addittos is thus formed iu a Iturger proportion at the ex- 
pense of the 1> 2'addittioo product, which is favored energetically. Such a 
reactioii is said to be tfumodynamkally controlled. The formation of the 
1, 2«additi<m product at low temperature is kinetkally controlled. 

3. Addition of Free Madlcab: Addition of BiCCi, via a free radical 
process also yields both 1, 2- and 1, 4*addition products. 


Peroxide 


R 


BrCCU+R ► CXi+RBr 


H,C»CHCH -CH,+Ca, . 


C1,CCH,CH— CH-CH,] BiCCl, 
a,CX:H,CH=CH-CHj * 


a,OOH^HCH* 

ir 

(1, 2«addition) 


.CH, i a,CX:H,CH=CHCH,H- CCl, 

Br 

(1 . 4-addiUon) 


4. Polymerization : Butadiene is polymeri/ed in the presence of Ziegler- 
Natta catalyst [alkyl aluminum and titanium chloride, Al(G|H|)yrTiCl 4 ]. 
Trimeri/ation to a I2-membered ring takes place at the 1, 4-position. 


3 H^-CHCH-CH, A 


1. S-Butadieoe Cyclododecatrieae 


S. The Diels-Atder Reaction: An important reaction for the preparation 
of cyclic compounds in which two unsaturated molecules unite is the Diels- 
Alder reaction. It involves a reaction between a diene and an unsaturated com- 
pound called a dUnophile. The amplest react'on of tins type is between 1,3- 
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butadiene aad ethylMe to form cycichexeae. The Dtels'Alder reaction is a 
(44*2) ^lo addition reaction. It can be carried out with or without a solvent 
and be initiated by heat, light or AtC^ catalyst Presence of electron- 
withdrawing groups sudi as — <X>OH, -^TOOR, —NO,. — CN activates the 
dteno^tie uuf accelerates the rate of the reaction. Dienes are activated by 
electron-donatittg groups such as — OCH„ — CH„ — N(CH,),. Some reac- 
tive dienes, however, do not require the presence of activated dienophiles. 
One such example is cyclopentadiene. 





Bicyclopentadiene 


The Diels-Atder reaction displays a stereospccihc pathway, i.e., the 
stereochemistry of the dicnophile is preserved in the product. In other 
words, the addition takes place in a cib-manncr. The reaction, for example, 
between 2. 3-dimethyl -1, 3-butadieoe and dimethyl fumarate yields the 
rraiw-adduct in which the ester functions are still irons to each other,^ 


HjC 


H 


r 

3- 



^COOCHj 



Hjc 




CO), H , 


X JU-«« 

''' COOf H3 


The reaction is second order and is not affected by the presence of polar 
solvents. Therefore, a concerted cyclic mechanism has often been preferred 



for rids reactioo. The Diels-AIder reaction is also considered to be regio- 
sdective when both the dienes and the dienophiles are um^mmetricany 
sidMtitttted. ft has been observed that there it a preference for ortho- and 
/Mni-|Mrodacti as shown briow: 



Alkenet or 0(efiflf 



orfAO'ProdttCt 

predominates 



para-Product 

predominates 

(93%) 


A wide variety of dienophiles can participate in the Die]s*Alder reac- 
tion. These are generally derivatives of ethylene and acetylene. 



»5i 


0 

hlaMc anhydride 


0 
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0 0 



^Benroquioone 

Many polycydic hydrocarbons react with dienophiles by 1, 4>cydo 
addition. This reaction is particalarly of interestw ith anthracene and maleic 


0 



0 


anhydride- Even aromatic compounds such as benzene which are generally 
inert, undergo Diels* Alder reaction with reactive dienophiles such as 



benzene. Among the five*membered heterocyclic rings, only furan has diene* 
like character and participates in the Diels- Alder reaction. I^rrole containing 



COOCH3 


OhneilMacetytene 

dicaiboxytate 
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eleetron-wfthdtBWing group* at l-posil^ undergoes Dtels-Alder reacr 
tion particularly in the presence of Lewis acid catalysts. Many of these 
adducts are valuable synthetic intermediates. 

^ COOCH3 



COOCHj 


Lewis acids enormously accelerate the Diels-AIder reaction. Even 
benzene reacts with dicyanoacetylene in the presence of AIBr,. In the 



:n 


absence of AlBra. severe heating is necessary for the reaction and the yields 
are low. 

The intramolecular variant of the Diels-AIder reaction has been known 
for a long time and has found applications in the synthesis of natural pro- 
ducts. It is examplified by the accompanying reaction. Anjintcresting feature 


H 



95 % 


of the Diels-AIder reaction is that a mixture of two products namely endo 
and exo is obtaioediiThii has been explained on the basis of AUkr^s rule 
of endo oidMon. This rule states that the two components arrange tiwtn- 
selves in parallel planes and addition takes |daee from that orientation 
which has ti>e maximum accomulation of double bends. ThusAe structure 
of the product can nearly be predieted by pfaeing riie reactants in two 
parallel planes in such a way as to obtain maximum overi^ring of double 
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bonde. This is dononstrotod for the reactioa between cycloptmtadiene and 
mateic anhydride. 



enJo exo 

Most dienes and dtenophiics give a mixture of both endb- and 4 x 0 ' 
isomers under ordinary experimental conditions in the Diels-Alder react^n. 

QUESTIONS 

$.1 OWe fornmlas corresponding to the following names: 

a. 3<^loro*3'plieoyH<batm)e 

b, d-Noncae 

0. 3»34)iiiMdiyl'2-peat^ 

4. 2jN(>iniethyi>l»34Nitadieae 
e. l><>ibroiaolwt»2-«M 
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f. r/jt-2-P«itene 

g. 1,3-Dimethyicyclopentene 

h. (z)*l,3>Pentadtene 

i. z-and-E-2>phenyl-2-butene 

8.2 Illustrate by means of structural formula or an equation the meaning 
of the following: 

Markownikoff’s rule, a conjugate!! diene, hydroboratjon, hydration, 
ejjf-addition process. 

8.3 When maleic acid is treated with bromine, the 2,3-dibromosuccinic 
acid can be resolved into its enantiomers. But the addition of bromine 
to fumaric acid yields 2,3-dibromosuccinic acid which is noa>re8ol- 
vable. What do these observations indicate regarding the mechanism 
of bromine addition? 

8.4 Write the product of the following reactions and justify your answer 

CH3OH 

a. HjCetOHg { Drj — • ■ > 
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h H,C CHCH.CH -CHCH , — > 
KMn 04 

i. H,C=CCOOH f 

til. 


f \ A 

I 1.H1 

H,C 


\ T S 

k , Vn y -»•" 

N y 


CM, 

A. 

( 


11 ^^) 


> 


m. 






( *t ) 8 H j 
( H ) K 2 C f 2 ^ 7 



m - Chloropet benzoic qlic) 


8.5 A 10 g mixture cootainiog butane and 2*butenc reacts with 8.0 g of 
brontine dissolved in carbon tetrachloride Calculate the percentage 
of butane in the mixture 

8 6 Compound A, C 4 H 14 O. on treatment with hot sulfuric acid yields an 
onsaturated compound B, CgHii, which on ozooization gives a misfire 
of carbonyl compounds C, and D, C^H«0. Deduce the strlic* 
tures of A, B, C and D * 

8.7 Write a short note on the utility and mecluuiism of the Diels>Alder 
reaction. 

8.8 How will you distmguidi between (A), and (B) using ozonolysU. 
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A B 


8.9 Which of the hybndizcd carbon atoms are present in 1,2-butadiene: 

a. Only sp hybridized carbon atoms 

b. sp, sp* and sp* hybridized carbon atoms 

c. Only sp* hybridized carbon atoms 

d. Both sp and sp* hybridued carbon atoms. 

5.10 Gisc the preoaration and properties of I. 3-butadicne. 

8.1 1 a. DescrH)e the mechanism ut the addition of a halogen acid to an 

alkene. 

b. Discuss the mechanism of the addition of IfBt to propene. 

8.12 Explain with a suitable example the 1,4 addition to 1. 3-butadiene. 

8.13 What evidence is there to show that the addition of halogens to a 
double bond is a two step mechanism ? 

8.14 Describe the Diels-Aldcr reactio^, 

8.1 S Explain the following: 

a. «n/i-MarkownikoJT addition to alkene is possible in case of HBr 
only. 

b. Addition of bromine to alkencs is a two step process. 

8.16 Explain why HCN does not add to an alkene t^docs HBr 
8.17Whydoc.s HBr add to 1,3-butadiene to give both 1,2- and 1,4- 

addition products. 



9 

Alkynes or Acetylenes 


The alkynes are also unsaturated hydrocarbons that contain a carbon-carbon 
triple bond and possess the general formula Cnirjn-,. The first member of 
the series is acetylene, and the class as a whole is also referred 

to acetyUnes. The carbon atoms in acetylene arc in an sp hybridized 
state. The 0 -bond is formed by the end-on overlap of the sp hybrid carbon 
orbitals The remaining 2py and 2pt orbitals on each carbon atom which 
are mutually perpendicular to the carbon-carbon bond overlap to from 
7t-bonds. The C — C bond distance is still shorter compared to ethylene or 
ethane and is 1.20 A It is a linear molecule, the bt>nd angle being 180*, 
and there is no geometric isomerism p<^siblc about this functional group. 
Acetylenes contain a triple bond which is made of one 0 - and two w-bonds. 



9.1 NOMENCLATURE OF ACETYLENES 

Acetylene, the common name for ethync is unfortunate since the ending 
-ene .suggests a double bond The general rules stated In Sec. 2 3, also a^ply 
in naming alkynes. The sulfix -ane is changed to -yne and the position of 
the triple bond is specified by a number. This is illustrated by the following 
examples: 


CH,-C .-C -CH, 


2-Butyne (But-2-ync) 



5-Methyl-l‘hexyne 
(S»Methylhex« t -yne) 
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In complex structures the alkynyl group is used as a modifying prefix. 



I •Chloro- 1 -cthy ny Icyclohcxane 


9.2 PHYSICAL PROPERTIES OF ALKYNES 

The boiling points normally increase with the increase in the cai bon content 
(Table 9 1); the branched acetylenes have a low boiling point. Alkynes, like 
alkanes and alkencs are non-polar and are insoluble in water or ethanol 
but soluble in ether, benzene and carbon tetrachioiide 


Table 9.1. Physical Properties of Alkynes 


il>drocatbon 

Siructurc 

in p 

) 

b p Density 

\vct>lcnc 

(hthync) 

H( CH 

^2 


McthyUcci>lciu 

(Propync) 

HC a lij 

-lOl 5 

-23 

I thyKiLCl>1cnc 
(1-Butvnc) 

IK =-C< Hjtll, 

-122 

9 

Di met h> Licvt> lenc 
(2-Hut>iic) 

ui, 

HCwaCCHt H 3 

- 2^ 

27 

f^a^Propyfaceiylenc 
(3*Me(hyM -butyne) 


29 

Prop>lacct>Ienc 


-98 

40 

Butylacetyicne 

(I^Hexyne) 

HC ^CCHjCHtCHgCH^ 

-124 

72 0 71^2 


9.3 PREPARATION OF ALKYNES 

Acetylene is manufactured industrially frv >n natural gas. The partial 
combustion of methane, the principal component of natural gas, yields 
acetylene. 


. 2CH.(g) + liO,(g) - C,H^g) } H,0(1) 

1. /'romCaC,: In the laboratory, acetylene can be prepared fiom 
Mlcium carbide which is obtained readily by heating a mixture of quick- 
lime (CaO) and coke (carbon) in an electric furnace. Calcium carbide is 
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decomposed to acetylene with water. This method is used industrially. 
Acetylene so prepared is not pure. 

A 

CaCOj 1 . CaO i-CO, 

Limestone quicklime 

2000 * 

CaO f 3C ► CaC, CO 

Coke Calcium carbide 

CaC,4-2H,0 ► HCsCH+CatOH), 

The main disadvantage of this method is its high energy consumption. 

2. Dehydrohahgcnathn of Vicinal IHhalides: The vicinal dihalides on 
reaction with ale, potassium hydroxide solution or sodamidc yield acetylene: 

CHjCHCll, 4 iKOH ► CH,CsCH • 2KBr+2H,0 

Br Br 

1 .2-Di bri'mopropanc I -Propy nc 

If 1-aikyncs, other than propyne. are needed then the procedure is modified 
by substituting Na!VH, orKNIf^ for ale KOH because this latter reagent 
isamerUes l-alkynes to 2'alk>ncs 

150' • 

CH,CHjCHCHs • 2NaNH, ► C lfjClljC. CH 2NdBr 2NH, 

Br Br 

(,2-l>ibromobutdnc Uliui.vnc 

3. From h'giones: PfuKphurus pcntuehlonde reacts with a ketone and 
replact^^ oxygen atom by two chlorine atoms to yield a geminal (i.e . in 
which the chlorine atom.s are pie.sent on the same carbon atom) dicbloride. 
Thb on treatment with ale. potassium hydro.xide forms acetylene by 
elimination of two HCl motecoles. 

O Cl Cl 

RCCH,R' ». R0:H,R' RCaiCR' t 2HCI 


0 



Methyl cycIbSexyl ketone Cyclohexyl acelyleoe 
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4. By Displacement Reaction: Acetylenes with a terminal hydrogen are 
acidic, these can be converted into their sodium salts. These can readily 
participate in an S/»2 type displacement with a primary alkyl halide to yield 
a homolog of acetylene. 

NaNM, at,! 

HCsCH ► HCssC-Na^ lICsCCH, i Nal 

Acetylene I -Propync (85%) 

5. From Tetrahaltdes: The tetrahalides eliminate ZnCl, on reaction 
with metallic zinc to form an alkyne. 

Cl Cl 

I I 2Zn 

lie— CH > HCsCH ; 2ZnCl, 



1.1,2 2-Te(rachloriH:thane Acetylene 

9.4 REACllONS OF ALKYNES 

Acetylene is a useful compound and burns in oxygen in an extremely 
exothermic mannet to give CO, and HjO. 

HC=CH f ► 2COj f 11,0 Air=- 309.5 kcal^inolc 

Acetylene and othci unsaturated hydrocaibons have a higher percentage 
of carbon compared to the saturated hydrocarbons and thus burn with a 
sooty flame. 

Acetylenes undergo addition tcactions with u large variety of reagents 
in a manner similar to alkenes. 

1. Addition of Hydrogen: Alkyncs may be hydiogenated to the corres- 
ponding alkanes with hydrogen in the presence of Ni or Pd as catalyst. A 
special catalyst called the Lindlar catalyst is employed if the reaction is to 

H„Ni H,.Ni 

CH,C..CI1 ► CHjCH CH, ► CH,CH,CH, 

be stopped at the alkene stage. This catalyst consists of finely divided 
palladium partially deactivated with lead acetate. This partial reduction 
results in the formation of a (‘I'r-alkenc ano .s an important synthetic pro- 
cedure- 

CH, CH, 

* Lindlar \ / 

CH,q-CCH, ! H, C-- C 

("alalyst / \ 

H H 

r»*2-BaieiK 


2>Butyne 
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2. Addition of Halogens: Alkynes react with two moles of halogens to 
form tetrahalo derivatives, as the final product. 


RCsCH 


CCI4 


RC=CH ► 



Cl C 

{, I 



3. Addition of Hydrogen Halides: Hydrogen chloride, hydrogen iodide 
and hydrogen fluoride add to alkynes. A gem-dihalide product is formed. 

Cl 

HCKg) HCJ(g> I 

CHjCsCH ► CH»C -CH, > ch,-c-<;h, 

I 1 

Cl Cl 

2,2-Dichlorupropanti 

HI HI 

HC«CH ► CH,=CHI ► CHsCHIj 

1,1 Hiodocthanc 

HCKg), ISO’C 

HC==iCH ► CHj»CHCl 

HgO Vinyl chloride 

The addition takes place by the initial formation of a vinyl cation. A 
second mole of the acid adds and addition follows Markownikoll' rule. 

4. Addition of Acetic Acid: Acetic acid adds to acetylene to form 
ethenylethanoatc which can be polymerized to polyvinyl acetate (PVA). 

O 

HjSO, li 

HC_*CH CH,COOH CH,C— OCH CH, 

IfO^C 

5. Addition of Water: Because acetylene is available in large iiuantitie.s, 
it is used as a cheap raw material for the manufacture of chemicals, paiti* 
culariy acetaldehyde. 7 his is done by the addition of water to a triple bond 
in the presence of sulfuric acid and mercuric sulfate as catalyst. The mer- 
curic ion, Hg^'*'. coordinates with the triple bond and thus facilitates tbe 


HCaCH+H,0 


O 


40%H^O, 


CH,C 


Hg++/l«»®C 



addititm of water. This results in the formation of an enol (ene-l ol). A water 
mtfiecttie adds in accordance to Markownikofi’s rote. Vinyl alcohol and 
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l«utow»f tttt.aw 

HCsCH + H.O »H2C==CH;^ - - CHjCHO 

fl 

'••OH 

Vinyl alcohol 


acetaldehyde are in tautomeric equilibrium; but the keto form prcdo* 

rainatcs asthc^C=s:0 isomer is lower in cneigy by 15 kcal/mole. Ketones 

can similarly be obtained from acetylene homologues, for instance, acetone 
is obtained f^rom methyiacetylene. 


CHaC^CH 


H-O, H-SO. 

►CHjC CH, 

Hg++ 1 


OH 


O 

CHaCCHa 


Ethanol adds to acetylene to gi\c elhoxyethenc. 

nc. cn ' CjH,OH •> CHa=CHOCjH5 

6. Addition oj HCN: Seseral simple molecules like HCN do not add 
rapidly to alkcnes but can be added to acetylenic triple bond in the presence 
of a catalyst (CuCl t HCl). From acetylene and HCN an important mono- 
mer, acrylonitrile is obtained. 


( u(. I in HCl 

HC=nCH-t HCN ► CHj=-.CHCN 

Acetylene Acrylonibile 

Acrylonitrile copolymeri/es with 1, 3-butadiene to form synthetic rubber 
Buna N 

7. Cydizutuvi of Acctylem Acetylene on prolonged heating at 600- 
700X yields ben^enc and related compounds in low yields. Using transition 
metal catalysts cycli/ation cun be carried out under milder conditions 
and in highei yields. 



NhGN),. (G,Hg>,P 

.Kj,l(, 1 

ether 
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4C,H, 


Ni(CN), 
— — 

ether 



Acetylene and homologs dimerize in the presence of copper salt and am- 
monia (or ammonium chloride). 


CuCi, NH,CI 

HCasCH M H,C-CI1— C«CH 

Vinyl acetylene 

t'uCI. NTH^Cl 

CH,C«CH >■ CH,~C==C--Cs:C— CHs 

2,4-Hexadyne 

Polymerization of acetylene to linear ptilyolefin has not been successful. 
8, Reaction with Ozone: Ozonolysis of alkynes produces two molecules 
of carboxylic acids with the cleavage of the carbon-carbon triple bond. 

O O 
Oi I It 

H.CCaCCH, ► HaCC—C'CH, > t H,C001l' CHjCOOH 

A terminal carbon, on the other hand, is oxidized to carbon dioxide and an 
acid. 


(1) O3 

CHaC.-CH — : — ► CH,COOH CO, 

(••>11,0 


9. Hydrohoration: Diborane adds onl> once to alkyne'* that have an 
internal triple bond 


3RC * CR ♦ BHj — 



The resultant trivinylboranes react with a number of reagents to give useful 
products. The C— -B bond of the vinylborane can be broken oxidatively 
(alkaline HjO,); the initial product is a vinyl alcohol that rearrangc.s rapidly 
to the corresponding aldehyde or ketone. 


H3CC*CCM3 



N</b • 


2-Butyiie 
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CH,CH-CCH, 

in 


o 

> CHjCHjCCHi, 

Methyl ethyl ketone 


With terminal aikyncs, aldehydes are formed. As seen earlier, alkenes 
yield only alcohols. 

The trivinylboranes also undergo protonolysis to give cif-alkencs. 


MjCCeCCM, i""*.,. , 


("t- 








2-Butyne 


( Butene 


10. Formation oj Acetylidcs: Acetylide formation characteristic of 
alkynes beaiing a terminal hydrogen atom. i.e. RCssCH.The hydrogen can 
be removed as a proton by a strong base leading to a relatively stable anion 
RCj?C". The anion formation does not lake place in the case of ethylene 
or cthenc. This difference may be explained in terms of the character of 
the orbital occupied by the lone pair electrons in the three anions. In RC s-. 
C~ anion the electron pair is contained in an sp orbital, in vinyl anion the lone 
pair is in an sp* orbital while in cthidc anion (CjHs"). they occupy orbi- 
tal- An electron in the s orbital is more tightly held than in a p orbital 
because the j-electrons arc closer to the nucleus. Since there is more 
5-character in an xp orbital the acetylene .rp orbitals are more electronegative. 
The acetylide anion is thus more stable because sp carbon is mo.st electro- 
negative. In other word.s, the carbon is best able to accommodate an electron 
pair in the anion and a result acetylene is acidic. The acidity of an 


M C = C 




“S:' 

y " v) M,c<' I 

I h ’ 


Acetylide anion Vinyl aiiion Ethide anion 


aikyne. however, is slight as it docs not turn blue litmus red. The greater 
the 5-charactcr of hybridized orbital, the more acidic is the proton or less 



204 A Tutbook of Oigaoic Qiemistry 

basic is that pair of electrons. The acidity decreases in the following order: 

HCsCH > H,C - CH, > CH^H, 

Acetylides formation with alkali metals: Sodium acctylide and other 
sodium alkynides can be prepared by treating terminal alkynes with a base 
such as sodium amide in liquid ammonia. These are acid- base reactions. 
Sodium alkynides are useftd intermediates in the synthesis of acctyioie 

RC=-sCHH-NaNH, ► Ra-C-Na+ NH, 

homologues. This is done by treating the sodium alkynide with a primary 
alkyl halide. 

RC»C-Na+ -f CH,Br ► RCsCCH, - 1 - NaBr 

In such reactions the alkynide anion acts as a nucleophile and displaces the 
halide ion from primary alkyl halide. 

Acetylide formation with heavy metals: Acetylene and other alkynes 
containing a terminal hydrogen atom also form acetylides or alkynides with 
silver and copper ions. 

RCsCH AgNO,-f NH4OH ► RC rCAg ^ H^O r NH4NO, 

white ppt 

2RCsCH-}-CuCl*4-2NH,OH -> 2RCaCCu 2n,04-2NH*C! 

Red (ipt 

These aUcynides are insoluble in water and have characteristic 
colors. Their formation is used a*s a qualitative test to demonstrate the 
presence of acetylenic hydrocarbons with a terminal hydrogen and to dis- 
tinguish them from alkenes. An internal alkyne such as RC.-CR will not 
react Acetylene reacts with NaNH, to form sodium ethynide(.NfaC-sCNa), 
with Copper (I) salt. Copper ethynidc (CuCaCCu) and silver ctfaynidc 
fAgC^CAg) with silver nitrate. These acetylides are potential explosives in 
the dry state and must be bandied with care. The teiminal alkyne can be 
regenerated by treating the acetylide with NaCN or with a strong acid. 

RCsCAg-l.2CN“ i H»0 ► RC^ilTf i-Ag(C'N)*~ » OH- 

93 USES OF ALKYNES 

Combustion of acetylene with oxygen produces an intensely hot flame and 
thus large quantities of acetylene are used for cutting and welding of thetals 
Acrylonitrile once prepared by the addition of HCN to acetylene (CuCt/ 
NH 4 CI, catalyst] is an important raw material for textile fibres such as Orion 
mid Acrilon. Acetylene is also used as an illuminant amfis a source of many 
basic chemicals like acrylic acid, ketoncs> etc. 
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QUESTIONS 

9.1 Write structures for the following compounds: 

a. But>2-yn-1.4>dioi 

b. Vinylacetylcnc 

c. l,4-Dichlorobut*2-yne 

d. 3-BenzyM-bromo-I-pcntyne 
c l-Sodioprop> ne 

f 6-Dodecyiic 
g. /rfl/w-2-Hcxen-4-ync 
b. 3,3-Diniethyl-l-butynt‘ 

9.2 Write the products and justify your answer: 


a. 


c 


fV.CH 





(•) <>S 

b. HsCCsCH ► 

(II) H/) 

A#(NH,).+ 

c. -V 

HI 

d. CHjC-CH ► 

(1) HH, 

c. CHaCH*C-Clf ► 

lU) HjO,. OH- 



.9.3 A hydrocarbon has the foimula corresponding to that of an alkyne, 
UnHjM-a' but it adds only one molecw’s of bromine per mole of the 
hydrocarbon. What type of structure docs the hydrocarbon have? 

9.4 In what ways do alkynes differ from alkenes? What similarities are 
recognized hi the two classes of hydrocarbons? 

9.5 A compound contains C -*88%, 12*^ and its molecular weight is 

82. One mole of the compound absorbs two moles of bromine and 
when it is shaken with CuCl in ammonia, the compound produces a 
precipitate containing copper. Draw the structure of the compound. 
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9.6 A cylinder contains one of the following gases: propane, propene or 
propyne. What chemical tests would you apply to identify the gases? 

9.7 Hydration of an alkyne gave methyl propyl ketone. What formula 
would you assign to the alkyne? 

9.8 Write the formula for each of the isomeric hydrocarbons, CtH« which 
contain a triple bond. Suggest names according to lUPAC system of 
nomenclature. 

9.9 Starting with acetylene and any other reagent show how would you 
obtain the foiIo\Aing: 

a. CH,CH*CsCH 

b. CH,CH,COOH 

c. CH,CH,CH,CHs 

d. CH,CCH.,CH, 

i 

0 

e. CHaCHCHs 

1 

Br 

f. CH,= CHCH, 

9. 10 Write a short note on the orbital picture of acetylene. 

9.11 Write the products when propyne is treated with; acetic acid, 

BH,. C.HjOH, HCl and'o,. 

9.12 With pertinent chemical equations show the product ofhydroboration 
and subsequent oxidation (1 1^0 J of propene and propyne. 
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Polymers 


Organic chemistry has made valuable contributions in the field of polymers, 
dyes, drugs, detergents, agricultural chemicals and cosmetics. This chapter 
would be concerned with the synthesis and applications of polymers. A 
polymer (fiom the Ciieek. poly meaning many) may be desciibed as a long 
molecule formed by linking together a number of smaller molecules. The 
smaller molccuk r- "ailed a monomer. The bonding in each polymer mole- 
cule is covalent. The polymers possess a high molecular weight of several 
thousand Polymers nowadays arc not difficult to prepare because of the 
easy availability of the raw materials. Most of the synthetic polymers arc 
of recent origin but they have made an impact on our daily life. They have 
found extensive applications m textile fibres, rubber and rubber goods, 
building materials, packaging, fancy decorating articles and ion-exchange 
resins. 

10.1 NATURAL AND SYNTHETIC POLYMERS 

Polymers arc classified according to their origin or source. Those obtained 
from natural sources such as animal oi plant arc natural polvmers. These 
are also made by linking together smaller units Carbohydrates, for 
' instance, are made by linking glucoses molecule, proteins (wool, silk and 
hair) are made by linking x-ammo acids and natural rubber contains 
isoprene units. Many of the natural polymers occur in the biological system 
and arc termed as hiopolymers. Nucleic acids (RNA and DNA) are examples 
of biopolymers. 

Synthetic polymers: These polymers arc made from smaller molecules 
by chemical^ means. They are man-made. The raw materials for their 
preparation are obtained from petroleum and coat tar. Some typical 
examples of synthetic polymers are polyethylene, synthetic rubber, 
terylene, teflon, bakslite, etc. 

10.2 ^LASmeS AND ELASTOMERS 

Mastics are those high molecular weight compounds which under the 
influence of heat and pressure can be molded into tough and bard utility 



208 A Textbook of Organio Cbemittry 


articles. Most of the polymers such as polyethylene, P.V.C., polystyrene, 
nylon are plastics. Unlike synthetic rubber, plastics show no elasticity at 
ordinary temperatures. Plastics are light, strong and resist the action of 
chemicals. The high molecular weight polymers of substances often con- 
taining olefinic bonds are most familiar plastics. 

Elastomers. Elastomers are those polymers which on vulcanization 
convert into rubbery products, exhibit good strength and elongation. 
Typical examples are synthetic and silicon rubber. 

Plasticizers. Plasticizers are sub,Niances which can impart plasticity to a 
polymer, i.e., facilitate the conversion of solid and brittle resins into a 
dough-like condition so that it can be molded into a desired shape. Esters 
of phthalic acid such us dimethyl phthalate is usually used as a plasticizer. 
It is added, for instance, to hard polyvinyl chloride (PVC) to soften it. 

10.3 POLYMERIZATION 

If two identical molecules combine chemicully a dimer is obtained. 
Acetylene, for instance, i« dimerized to vinylacctyicne. If smaller 
molecules of a substance unite then a large molecule, a polymer, of high 
moiecuiar wei^t is obtained. The chemical process for the formation, of a 
polymer is called polymerization. This is cxamplificd in the following 
equation. 

Polynienzation 

n Monomer — — ► (Monomer)* 

, A polymer 

Polymerization can be initiated by several processes naoqply free radical, 
cationic and anionic. The repeating atomic grouping in a polymer each of 
which is monomeric in character is termed a repeat unit. Another important 
term is the degree of polymerization which refers to the number of repeat 
units in the polymer and is denoted by n. 

A polymer is of two types, i.e , addition and condensation. In addition 
polymers, monomers link together and produce no other molecule in the 
process. In the case of condensation polymers, a smalt molecule such as 
H,0, CH,OH is eliminated during polymerization. 

A synthetic polymer can be linear, branched or cross-linked. The first 
two kinds are called thermoplastic as they dissolve in solvents, sof^n on 
heating and can be moulded. Polyethylene is a linear polymer and - graft 
polymers are branched. In a cross-linked polymer, the chains are connected 
to each other by occasional brklges by the addition of chemicals. These 
polymers generally extend in space in all directions and are, therefore^ oRen 
called three-dimensional net work. They are thermoset polymers at they 
melt on heating and then harden irreversibly as a result of a diemical 
change. Typical examples of ihermoset polymers are bakelite, urea-formal- 
dehyde resins, gjyptof. epoxy resins, etc. Thermosetting plastics are 
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used for making articles which would not soften when heated. Such 
applications include electrical iittings, saucepan handles and bench tops. 

tO.4 ADDinOIS POLYMERS 

Polymerization of compounds containing double bonds results in the 
formation of addition polymers. In these polymers self-addition of monc)- 
mer molecules to each other to form a long linear takes place. The reaction 
is promoted by free radical initiators and the mechanism of polymerization 
consists of three steps namely initiation, propagation and termination. The 
reaction is referred to as In the following pages several 

examples of addition polymers will be discussed. 

10.4 1 Polyethylene 

Ethylene is a gas but condenses to a liquid at — I0317*C and solidifies at 
-169.2‘’C. It is commercially obtained by cracking of petroleum fraction 
Polyethylene can be made under high pressure (1000 atm) and temperature 
(180-250*) in the presence of peroxide as a catalyst The product has low 
density and low melting point. High density polyethylene is made at low 
pressure (5 -2S atm) and temperature (20 50®C)isthe presence of Ziegler- 
Natta catalyst. 

Peroside, A 

«CH, -Cff., (CH,— CH*)„ 

1 thenc oi Polyethcnc oi 

Pthylene Polyethylene 

The mechanism of this reaction is brought about by free radicals produced 
by the decomposition of compounds called initiators. Some typical free 
radical initiators and the free radicals formed by their decomposition are 
listed below; 

() O O 

,1 70*C 

C,lIiC— O— O— CC,H, .-C.HjC— O ► C,Hs-l-CO, 

Ucnroyl {seroxidc 

CN CN CN 

I 4o'r |. 

H,C— (’— N .N— C— C’H, ► H3C— C 

in, t'H, 

A/^-isobutylnitrile 

CH, CH, CH, 

1 1 i:o*c I . 

<:h, in, ina 

Di rm.butyl peroxide 



Peroxide 
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A 

H— -0—0— H OH 

Hydrogen peroxide 

The different steps in the mechanism may be foimulated as on page 210. 
Ethylene is heated in the presence of a peroxide, benzoyl peroxide is the 
most common one. Thermal decomposition of peroxide produces free 
radicals (OR*^). A free radical being very reactive attacks an olefin molecule 
and in the process generates a new free radical. In the propagation step this 
radical attacks the double bond of a fiesh olefin and thus links another 
molecule with it. This chain contains a radical site, therefore, it attacks yet 
another olefin. This process continues and the chain keeps growing till all 
the olefin is consumed, or the chain growth in stopped by termination. The 
last step is thetcirainationstep, i.c., in ^^hich the reaction is terminated. In 
this step two large growing chains come close and couple together to stop 
this reaction, this is called <oupling. Altcmanvcly one hydrogen atom from 
one chain is abstracted by the second chain and thus biUh stabilize themsel- 
ves, TIjc chain losing all stabilizes itself by the formation of a double 
bond This prrccs i*, called disproportionation 

At this ix)int it is important to note that most polymers are not pure 
hut are complex mixtures of compounds. We often determine the 
average molecular weight of the polymer with an average value n. for the 
mixture 

Low density polyethylene is extremely flexible and water resistant and 
IS used in packaging and for making plastic bags, toys and artificial 
flowers. High density polyethylene is stiff and is employed in making 
house-hold goods such as pails, refngeiator dishes and kitchen wares. 

10*4.2 Free Radical Inhibitors 

Certain chemical compounds which aic capable of inhibiting or completely 
stopping the chain growth process called radical inhibitors Phenolic com- 
pounds arc very useful foi this purpi>sc as the phenolic hydrogen is easily 


OH 
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abstracted by the polymer chain, and thus converting them into stable free 
radicals This is examplified by the accompanying reaction’ 

Thephenoxy ladicalis stabili/ed by the stcnc effect’s of the bulky r-butyl 
groups of 2, 6-di /-butyl-4-mcthylphenol and no further reaction is possi- 
ble. Besides terminating pidymcr chains, inhibitors are used in the 
preservation of monomers during production and storage. Hydroquinonc 
is often added to monomers to pi event their polymerization. 

10 4.3. Cbaio Transfer 

A polymer chain, as has been dicussed, may be terminated by coupling, 
disproportionation or tht addition of radical inhibitors. There is 
yet another way of doing this by chain transfer leactions In the earlier 
methods the products formed wcie inactive and further chain propogation 
was not possible. In chum transfer reactions, on the othei hand, while the 
growth of one chain is stopped completely there is a simultaneous 
initiation of a new polvmer chain A compound that brings about chain 
transfer is called a chain tran^fir agent, such as cat bon tctrachlondc, 
thioalcohols and toluene Tlie chain transfer reaction starts by removal of 
a hydiogen or some other atom by the polymer chain from the chain 
transfer agent as indicated below . 

► RO ( CII.CH^ 1 <-< h 

C’H,« i'H. 

CCl,-j-CH, CHa CCIjCHaCHa 

CH,-< Ha 

CCljCHaCHaCIfaCH *• CCl, (ClfjCH,>aCHaCH; 

CHj-CH, 

— — etc 

The initial polymer chain is now terminated but the new radical cVi* adds 
to a ficsh ethylene molecuk A new radical is again gcneratetl which is 
followed by the propagation step. It is obvious that one chain is transferred 
to another chain and hence the name chain transfer. This type of reaction 
is used to regulate the molecular weight of poly mers 


10.4.4 Polypropylene 

Propylene H a gas, m p 185 2‘’C and is obtained by the cracking of 
petroleum products. It can be polymerized in the presence of peroxidos of 
Zicgicr-Natta catalyst (Triethyi aluminum and titanium chloride). 


CH2«®CHCH3 


Peroxide 


CH 3 


Polypropylene 
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Polypropylene is tougher than polyethylene, li is, used for making ropes, 
for making plastic goods and in packaging. 

The polymer chain in a free radical process is made up of the repeat 
units and could be very large The polymer would have the following 
regular form: 

— CH,--CH— CHj-CH— Clf,— CH— C 1 1,,— CH— 

i i I i 

R R R R 

where R^H. CH,. oi Cl 

In ethylene, a symmetrical olchn, the monomer can attach on either side 
to form polyethylene. Propylene is an unsymmetncal olefin and the ques- 
tion of attachment of the second propylene molecule arises An examination 
of the above geneiai structure reveals that polymerization takes place in a 
head-to-tail manner, — CH — being the head and - CHjj — the tail. How do 
we account for this ? Let us consider the formation of the intermediate 
radical when OR adds to propylene. 


T H 

Ch -I- OR 

CH3 


1° CH3 

Obviously two radicals are formed depending on the attack of OR at the 
two carbon atoms linked by a double bond. Out of the two radicals the 
former if more stable being secondarv. Tl.ciefore, this will control the 
propagation step. Its formation is also favored by the fact that .ttask of 
OR at the internal carbon willbcstcricallyhinucred. The secondary radical 
will attack another propylene molecule generating a new radical. 

I 

CHg 

ROCH,-CH ROCH,.-CH-~(:H,-CH~and so on 

C^Hs in. 




214 A Textbook of Organic Chemistry 


Hie process will continue. The growing polymer chain would thus be 
joined in a head-to-tail manner. 

10.4.5 Polystyrene 

Styrene is a liquid with a pleasant odor, b.p. 45‘’C. It is obtained by the 
Friedel-Crafts reaction between benzene and ethylene. 

AICI3 7.nO 

C,H,+CHa=CH, ► C.HjCIIaCHa ►QHjCH-.CH, 

A 600"C 


Styrene so obtained is purified by distillation. It is polymerized industrially 
by the free radical procedure It being an unsymmetrical olefin, the 
polymerization occurs in a head-to-tail manner. 




l’olyst>rene f^tyrofoaini 


Polystyrene is thermoplastic and has good clectneal insulating properties 
It is chemically inert and is used for making toys, jars, radio and television 
Cabinets and other hviuscbold goods. Copolymcrization of styrene with 
1, 3-butadiene yields synthetic rubber. 

10.4.6 Polyvinyl Chloride 

Vinyl chloride is a gas, b.p. - 13®C. it polymerizes rcailily in the presence 
of peroxides or heat. 


CHj— -rhO ^ 

Cl 

Polyvinyl Chloride (PVQ 

PVC is a white amorphous powder. It is cheap and commercially available. 
It is tough and is used as building material. With added plasticizers to 
soften it, is used in making upholstery, pipes, curtains and rain coats. 

10.4.7 Palyacrykmitrih 

It is by polymeruing acrylonitrile using peroxide radical iiutiators 
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CH2 = CHCN 


f'eS0|^jH202 



CN 


Polyacrylonitrile (PAN) 


Polyacrylonitrile fibres arc marketed under such trade names as Acrilan, 
Orion or Dralon. ft offers excellent resistance against heat. The fibre is 
used for making carpets, pipes and blankets. PAN copolymerizes with 
1, 3-butadicne to form synthetic rubber. 

10.4.8 Polytetrafluoroethyleoe 

The monomer tetrafluorocthylenc is a gas, bp. - 76“C. ft is obtained in 
the following manner by the pyrolysis of chlorodifluoromethanc. 

CUCls+2HF ► CHC1F,+2HC1 

Meat 

2CHCIF, ► cr, CFj f 2irci 

Polymerization of this aikene was an accidental discovery. 


Cf2 





Polytctratluorocthylene (PTFEj 

This polymer is commercially known as Teflon, and has a high melting 
point (327®C). It has a low coefficient of friction and is used for coating 
surfaces to reduce friction. Teflon also is highly resistant to the action of 
heat and chemicals. For this leason it is used for coating non-stick frying 
pans, for making gaskets and valve seals. 

10.4.9 Polyvinylflaoride 

Vinylfluoridc is a gas, b.p. - 72®C and is obtained by the addition of HF 
to acetylene. 


BF, 

CH-CH+HF ► CH,--^CHF 


ft is polymerized at 85'<J in the presence of benzoyl peroxide. 



216 A Textbook of Organic Chemistry 


CH2==CH»' 

F 

Polyvinylfluoride (Tedlar) 

This polymer is known .is retllar. it is a cr 3 rstalline polymer, m.p. 200"C. 
It is widely employed as an excellent weather proofing coating, and in the 
building industry. 

10.4.10 Polymetbyimethacrylate 

The monomer methyl methacrylate is obtained from acetone according to 
the following sequence of reactions. 

HjC H,C Oil H,C OH 

\ HCN \ / H+. H,() \ y 

C-O ► C C 

/ / \ / \ 

H 3 C H,C CN H 3 C COOH 

CHaOH, 

-> CH, C— COOCH 3 

CH, 

Polymethylmethacrylate is obtained by radical polymeriiation of the 
monomer. 


CH;== c — COOCH, 
} 

CHj 


It is popularly known as Plexiglas or Lucite. It is a colorless transparent 
plastic and has excellent optical properties, and is a substitute for giasa. 
it is used in making attractive ttgii*bo«rd.s and longdasting lenses for 
automobile 

10.4.11 Polyviayl Acetate 

Vinyl acetate is prepared by a ^ueous phase reaction bdlwecn acetylene 
and acetic acid. It is then polymerized by radical process. 

H*so,. iS(r*c 

HCwCH+CHiCOOH CH, CHCOOCH, 


iOUlH 


3 






CH 


3 


Polymcth>lm€thacrylate (Plexiglas) 
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(CHJ- CH 

0 -C CH, 
ll ^ 

0 

Polyvinyl acelate (PVA) 

It 18 soluble in organic solvents and is employed extensively in emulsion 
paints and as adhesives It is also used for the preparation of polyvinyl 
alcohol Polyvinyl alcohol is prepared indirectly by the hydrolysis of poly- 
vinyl acetate 


CH 2 -— CHCOOCHj 



U — CCH, OH 

!l 


0 

P<)l>'Vin>l alcohol 

Unlike many polymcis, polyvinyl alcohol is soluble in water. It finds use 
in adhesives and in the manufacture of textile fibres 


10.4 12 Natural Rubber (Polyisopienei 

Natural rubber is a inixtuic of hydrocaibons having the empirical foimula 
C|Hg. It is highly unsaturated and a caieful o/onolysis establishes that it 
is a linear polymer of isoprene (2-methyl-l, 3-butadiene). Lsoprene may be 
prepared by the condensation of acetone and acetylene in the presence of 
a strong base. 


H,C H,C 

\ NuNHj \ Hg. Pt 

C O-PHC-C'H )■ C-C-CH ► 

/ / 1 

HgC HgC O- 


HgC 


\ 


C— CH CH, 


AlgO, 


CH, C^H CH, 


Isopreoe 

Isoprene polymerizes to u product identical with oatural rubber. 
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Polyisoprene 


Natural rubber is a large molecule composed of about 4500 isoprene units. 
It is a linear polymer and the isoprene units are linked in u head-to*tail 


manner. The otefioic linkages are 
natural rubber is shown below : 


H,C 

H 

H,C 

\ 

/ 

\ 

c 

C 

C 

/ 

\ 

/ 

— H,C 

CH,-CH, 


</i-Poly isoprene 


all in cis'-configuration. A segment of 
H H,C H 

CH,— CH, CHj~ 

(natural rubber) 


In natural rubber there is free rotation about the C — C bond which gives 
it some flexibility. It is used m a wide tange of applications including auto- 
mobile tyres. 

The rroru-isomer of natural rubber is called gut la pcrcha. It is also built 
of isoprene units. It is obtained by the evaporation to di yness of the sap 
of tropical plaguim trees. 


CH, *=»c — (H 
( 

CH, 



Gutta pereba 


A s^ititent of gutta percha is shown below ; 

H,C H H,C CH,- 

rmtt-Polyuoprene iguttt psrehaji 
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Outta pcrcha is a horny rather than clastic. It is tough and hard and is 
used in a limited range of applications such as golf ball covers and as an 
insulating material in submarine cables. 

Natural rubber is obtained in the form of latex or milky sap, a colloidal 
solution of rubber in water from a tree {Hevea braziUcusis). The sap con- 
tains natural products such as resins, sugars, fatty acids besides rubber. 
The rubber content varies from 30?.^ to 50%. The latex is placed in large 
vats and coagulated by the addition of l'\, acetic acid. This gives gu/wn/Wer. 
This rubber docs not have high tensile strength and becomes brittle at low 
temperatures. Because of this property \cry little use of rubber was made 
before the discovery of vulcanization by Charles Goodyear in 1839. 
According to this sulfur is added to affect cross-linking between linear 
polymer chains. 


S 



The icsultmg rigid structuic obtained is dcsciibed as a cross linked thermo- 
set polymer. The properties of natural rubber are changed r markahly and 
it can be u-scfully employed for industrial applications. Vulcanized 
rubber is used for making gloves, rubber bands, tubes and in automobile 
industry. The projx'rty of rubbei can furtJicr be modified by the addition 
of antioxidants (diphenylaminc) to protect rubber from deterioration on 
exposure to air. 

Soft rubber coutains about I -2'',, sullur while hard ruNter contains upto 
35% sulfur and is not elastic any more. 

10.4. IJ Neoprene (Synthetic Ruhbei) 

This was the first synthetic tubber made m America. For its preparation 
the monomer chioroprenc (2-chtoro-l, 3-butadkne) is obtained from 
acetylene. 

Cua, NK»CT CuCi, HCl 

2l1CaiCH CH, vCH, C— CH CH, 
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Chbroprene is theo polymcrued to neoprene. 



PoJychloropreno (Neoprene) 

In neoprene the methyl groupe ot natural lubber arc replaced by chlorine 
atomic. The conliguratton of the groups around the double bond is c«. 


Cl H Cl 

\ / \ 
c c c 

-H,C CH,-CHa 


H Ci II 

/ \ / 

\ / \ 

CH,~CHj CH,~ 


r/i.Pol>chloroprcnc (Neoprene) 


Neoprene is non-inflammable It is usistant to the action ot oiK, pctiol, 
greese and lubricants It is, therefore used m nuking delivuty hoses for 
petrol and for making industiul conveyors and belts 

10.4,14 Polyisobatylene 

iso-Butylenc is a colorless gas and is also obtained from petroleum It pt'ly- 
fflenzes in the presence of acids and the growing chain in this Ctiae is 
cationic rather than free radical 


,CH, 


CH, 






CHj 




CH, 


IMlyisutHityleno 


The mediaaiam for its formation can be formulated as follows . 


BF, -f H,0 H+ 4 BF,OH- 



Polymers 221 


■ fri. 




^CHj 




+ 

— 

^ — 


''CH, 


3 



CHj 


^ CHj 

1 

C — CH, — 
1 ^ 

1 

r* - 

1 

( n _ 2 ) M^C *» C 


CH, 

CH, 








I ^ 


CH, 


Polyisobutylenc 


Polymerization is initiated by the donation of a proton from an acid (a 
Lewis acid Bl', containing a few drops of water) to isobutylene. A tertiary 
carbocation is formed. Propagation takes place through the repeated 
addition of the monomer molecules to the carbocation. \ linear polymer 
is obtained by h’. to-tail addition. I thylene is not polymci ized by cationic 
process because it does not hu\e alkyl groups to sufficiently stabilize the 
carbocation. Polyisi*butylcnc is water and cbemical rcpellant and is 
employed as a corrosive resistant and protective film. A copolymer of 
isobutylene with 2-5",, isoprene is marketed under the name “fitfO’/ruWer”. 
It is used in making cycle and automobile tubes. 

10.5 ORIENTATION IN POLYMERS 

In a polymer made up of long chain-like molecules, molecular motion is 
curtailed and rotation even aiound single bonds is restricted. As a result 
heud-to-lail polymers can have varying orientation of the side groups 
which can be in either orderly or disorderly fashion with respect to the chain. 
These different airangements are isotactic. syndiotaetic and atactic and are 
shown for propylene. In hotactic (forrw arrangement) all the methyl groups 
lie on one side of the chain and the hydrogen atoms on the other. 


R „ R R 
I Hi H I 

H : ri 


H 

1 

‘C 

I 

H 


H 


.* H 
H 


H 


H 


''r 


i H 
H 




An example of this class of arrangement is natural rubber. Isotactic poly- 
mers have a high degree of crystallinity and aie prepared by the use of 
Ziegler Natta catalyst. 
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If the methyl and hydrogen atoms fall alternatingly above and below 
the chain, then this orientation is referred to us syndiotacUc (for a tranx or 
alternating arrangement). 


R 

H I HI H I H I H V 

P' 


H 


I « I 




Gutta pcrcha is an example of this type of arrangement. 

The third type atactic (Greek without order) is used for the random 
arrangement of groups above and below the chain. 


H 


R 

I 


H 


H 


C 


H ^ 
” I 




H 


H 


H 


ft 
H 


This type of polymer is obtained by free radical polyincri/ation 

10.6 CONDENSATION POLYMERS 

In a condensiition polymer two organic reagents combine with the elimina- 
tion of smaller molecules. A well known example is the linking of an amine 
to a carboxylic acid to yield an amide. 

O O 

R— C-OH -b R,NH, R— C— N— R,T HgO 


H 

Polymers can be synthesized through this reaction by using a mixture of 
dicarboxytic acids and diamines. With these types of reagents this method 
leaves a free acid function at one end and an amine at the other so that 
polymerization can continue indefinitely. In condensation polymers also 
the polymer molecule contains a structural identity repeating itself several 
times but less number of atoms arc present than in the monomers of the 
repeat unit. 

1^.6.] Uieft*Fon»M(liyde Rcabs 

Urea condenses with formaldehyde to form urea-forroaldehyde resin. 
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K H j 


0 


Q *»C 


^ liCMO 


— 0 


^nm^h^Oh 


0—( 


Nti 






2 

N. MH 


O^C 


HjNH Nh^ 


0 

H 


. nnch^ON 

0 

It 

nmCh^nmCNH^ 

0 

II 

NHCHjHMC *01^ 


INCH* 


o-»c 


, NHtHjMhrNHCHpH o«ir 

0 

« — - 

NHrH^MHf NHfHpOH 




OAtf 10 QIV 


0 

Repeat unit ^ ^**7\ 

* ¥ 

This resin is inert towards the action of chemicals and is used as adhesive 
in industry 

10 6 2 Melamine Polymer ( \tclfnac) 

This polymer J^ prepared from mcfaminc — f4)rmaldch>de reaction. 


tv 


NH} 


IHCHO 


HOHjCHN ^ 


r Y 

Nw" 
nhch^oh 


y’r" 

^x: 


•IHjO 


HN»^HN v^N>^NHCHjNM — 

NH 

I ,IWSHO. 

CM2 

1 

NH 

1 i 

•HNHjCHN'''^**>|'^NHCHjNH — 




Y"Y 


NHCHj^ 




Mclnuc 
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It is a three-dimensional net-work polymer. Melmac has better heat and 
water resistance properties and is employed in making household crockery. 


10.6.3 Nylon 6, 6 


O 


The aliphatic polyamides arc generally known as nylons. The — N— C — 

H 

segments are amide groups so this is why nylon is considered to be a 
member of the family of materials termed as polyamides. There arc different 
types of nylon and they arc named by a numbering system. The number 
indicates the number of carbon atoms present in the monomer. Nylons arc 
obtained by condensation reactions, and arc thus classified as condensation 
polymers. Nylon 6, 6 is obtained by condensing hcxamethylcncdiaminc with 
adipic acid The monomers arc prepared as follows: 


Ch^COOH 
m.vOOH 

i t 

Adipic acid 

CH.iCHsjCOOH PCI, CHX'HXOCl Nil, CH.CIlgCONK, 

I > f ‘ ‘ — > I 

CH, CHaCOOH C'HaCH,COC'l CH,CH«C:ONKa 

PjO, CHjCHjCN Red CHjCHjCHjNH, 

^(!:H,C‘H,CN CH,CHjCH,NH, 

Hexamcthylcnediaminc 



Nylon 6, 6 is obtained on heating a mixture of the monomers at 280*C. 
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nH2N(CH2J6NH2 + nHO — C t CH2 C OH 


» 0 0 

_ II il 

nH3N(CH2)^NH3 -f- nO-Cir.H2)i.C 


1 7S0 *C 




N — C —(CH,) 


"y 

''n 


Nylon 6, 6 


Both in Nylon 6, 6 and Nylon 6, the molecular chains arc held together by 

iiitermolecular hydrogen bonding between 0 and — N— H groups of 

the adjacent chain. Nylon 6, 6 is used as plastic and a fibre. It is very 
hard and also has a good tensile strength. It docs nut absorb moisture and 
is not attacked by moth. It is used m making tyre cord, fishing nets, 
strings for musical instruments and in the textile industry 

lO.d.4 NylOBd 

Nylon 6 is obtained from caprolactam. The monomer may be obtained 
from cyclohexanone via the Beckmann rearrangement. Caprolactam contains 
u seven membered ring and can be easily opened in the presence of acids. 
Polymerization takes place on beating. 


6 "^ 


HOClCHj^NHp 


(J 


Hoocti w - N - c 


O' 




Caproloctam 


Nylon 6 


Nylon 6 is fabricated into sheets and used in tyre industry. It is a polymer 
of great importance in synthetic fibre industry. 



226 A Textbook of Organic Chemistry 


10.6.5 KoOel 

It is a polyester and is prepared by condensing dimethyl tcrephthalate and 
l,4^yc!ohexan dimetbanol. 



Kodei 


10.6.6 Glyptal Resins 

A dialcohol and a dicarboxylic acid form a linear polymer. Foi instance, 
glycol with phthalic anhynde yields pol>eth\lenc phathalate 


nH0CH2CH20H 






0 





C C 
s\ !, 

' :? 


OCH 




A trihydroxy alcohol, on the other hand, forms a net work polymer A 
typical example is the glyptal resin, produced from glycerol and phthalic 
anhydride. 


\ 


r-\ 




-C ,e-OCH,-CHCH,0-. 

I 0 0 


C - OCH2CHCH2O 


' ^0 0 



C " 


0 0 


''^0 

I 

0 



0 



This polymer it used at an ingredient of pamts and rarnishet. 
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10.6.7 Tbiokftt Robber 

Tbiolcol was tbc first eyntbctic rubber made It is called Thtokol in U S A 
and Perdurene in Germany It is a condensation polymer of 1 ,2-dichloro- 
etbane and sodium polysulfide (Na^S,) 


» II / II ,1 V 

nCKMjCHjCi + oHo — S — S-*Jo -• 4 '’hjCH^ - S ~ ^ 


Thiokol IS unaffected by oil, grease or petroleum and is used for making 
hoses and tank lining It is unsuitable for making tyres 

10.6.8 Cellopbanes 

These are made from cellulose dissolved in caustic soda and carbon disul- 
fide Viscose so formed is given several treatments to obtain cellophane. 
Cellophanes IS unsurpassed in transparency and brilliancy and i. extensi- 
vely used in pac’ aging. 

10.7 COPOLYMERS 

A polymer made of a single repeat unit is called a honiopot\mer such as 
polyethylene, polyvinyl chloride or polystyrene. A monomer can also 
interact with a monomer of a different chemical structure m such a way 
that both of them are incorporated into the polymer chain Such a polymer 
is termed as a copolymer The process by which this is achieved is called 
copoivnurizaiion A copolymer often has bettor properties than a homo- 
polymer Copolymers arc classified into four types 

Random Copoi\mers 1 he two monomers (A and B) are arranged in a 
random manner in the copolymer. 

_ A— B—A — A—B— B— A — A— A— B— A— A— 

Ahernatinf’ Copohmet t The two monomeis are incorporated alternatively 
along the chain of the copolymer 

— A— B—A—B— A— B— A— B— A—B—A— 

B/ocJlc Copolymers A sequence (or block) ot one monomer is followed by 
a sequence of the other in the copolymer 

-A— A-A— B-B -B— A-..A-A— B— B—B— 


Graft Co/wlymers. Thev are branched polymers and contain main chain 
of exclusively one monomer with branches of the second monomer. 
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-A~A— A— A— A— A— A— A—A—A— A— 

I k 

I 

B B B 

B B B 


10.7.1 Saras Wrap 

It is a copolymer of vinylidenc chloride and vtnyl chloride. 


* c 



{H2«CHCi 


a 


ri 


H 



Cl 


Vinylidene Saran wrap 

chloride 


Saran wrap has a high tensile strength as well as excellent sealing properties 
and is used for packing and wrapping purposes. 


10.7.2 Bnaa Rabbors 

Buna rubber was also developed in America. 1 , 3>Butadienc polymerizes to 
a rubber-like material in the presence of metallic sodium. Polymerization 
occurs by a radical mechanism resulting in 1,4-addition, and the polymer 
is called Buna (Bu from butadiene and na from natrium) 

BunO'N : Buna-N i.s a copolymer of 75% 1,3-butadienc and 25% acryk>- 
nitrile. 


sodium ^ \ \ 

jCHj-tHtN — — ► -Qmj— 


CN 


Buoa-N 


It is a superior rubber compared to natural rubber and has a high resistance 
to abrasion. 

BuiuhS: Buna-S is prepared by copolymerizing 75% 1,3-butadienc ai|d 
25% styrene in the presence of sodium. 




nCHj'wCHfjHj 





Vs 


Buna'S 
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The configuration around the C - C is trans. This is the best known exam pic 
of copolymerization in which brittle polystyrene has been made elastic. 
This is the most important synthetic rubber and a large percentage of tyres 
today are made of this rubber. 

10.7J Dyael 

It is another example of a copolymer in which two monomers namely 
acrylonitrile and vinyl chloride copolymerize to yield dynel. 


rCH^aeCHCN + nCH^e^CHC) ***' 

CM Cl 

I)>nel 


Dynel can bw fauiicatcd into fibres that resemble hair. 


QUESTIONS 

10.1 What arc addition and condensation polymers? Explain with 
examples. 

10.2 Describe the following with a suitable example : 

Butyl rubber, gum rubber, soft rubber, synthetic rubber, thiokol 
rubber, cellophanes. 

10.5 Account for the fact that radical polymerization of styrene occurs 
in a head-to-tail manner. 

10.4 Give the structure of the monomer/monomers from which each of 
the following is likely to be made. 

Plexiglas, orlon, teflon, nylon 6, saran wrap, neoprene, tedlar, styro- 
foam and Buna-S. 

10-5 Describe the naturally occurring rubber What type of polymer is 
it? 

10.6 Why is natural rubber vulcanized ? Describe the process of vulca- 
nization. 

10.7 Doscribe the following briefly with a suitable example : 

Plastics, ct^lymerization, radical inhibitor, monomer, degree of 
polymerization, branched polymer, chain transfer reactions and 
polyamidp. 

10.8 Suggest a synthesis for the monomer used for tlie formation of the 
following polymers : 

Nylon>6, methyl methacrylate, tctrafluoroethylcne, acrylonitrile, 
neoprene and polystyrene. 
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10.9 Describe the purpose of the following compounds in polymer 
cbemiiitry. Benzoyl peroxide, hydroquinone, caibon tetrachUu'ide, 
ethyl thiol, hydrogen peroxide. 

10.10 List three methods of terminating a growing polymer chain with 
suitable examples 

10. 1 1 Answer the following and give reasons 

a. Can ethylene be polymerized b> the cationic process'' 
b Is polyvinyl alcohol soluble in water 
c Is natural i ubber flexible ' 

d Can neoprene be used foi making delivery hoses for pctiol ? 

10 12 What IS a eioss-lmkcd polymei ? What is the use of eross-linking 
polymers 

10.13 Write the repeat unit of the polymers that would be obtained in 
the following cases : 






Sh 


2 


Ml, 

b O C 1- IICHO 

c CHj CHb 




-r1 -"CM 






10.14 Name and wiilc strut tores of the three modes of orientation of 
groups in polypropylene Which of them ispicpared by the O Natta 
catalyst '' 

10 15 Write short notes on the following. 

Gutta pereba, Buna>S, Cham transfer leaction, thermoplastic and 
thermoset polymers, graft copolymers and biopolymera. 

10.10 What are condenbation polymers? Desenbe the synthcsia of 
the monomers used for the preparation of Nylons, 6. Liai its 
industrial applications. 



11 


Alicyclic Compounds 


( yclic compounds, made of entirely one type of atoms namely carbon atoms, 
arc known as (arhocyclu rings The name alicyclic is derived from the fact 
that they have properties resembling those of corresponding open chain ali- 
phatic coropounds. These compounds are repicsented by the general molc- 
culdi formula C„H,„ and differ stiucturally fiora the open chain compounds 
in that the terminal c.irbon atoms are joined by C — C single bonds. These 
compounds, because of their cyclic natuie have an interesting history Syn- 
thetic methods of great value for the preparation of small ring compounds 
were developed by Perkin (1882-1885). Our knowledge of the chemistry of 
oiganic molecules containing small rings has increased tremendously in the 
last 30 years Must of the small ring compounds have been found to be 
very reactive and are stable only under low temperatures while others 
arc postulated as transient intermediates in chemical reactions. Alicyclic 


hydrocarbons display both chain i.somcrism 




and Stereoisomerism, i.e. they can be resolved into optical isomers and 
exhibit ih-tram isomerism as well 



ami fNVis-l. 2-l)iinethyk'ycIohexaues 
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ll.I NOMENCLATUR£{OF AUCYCLIC COMPOUNDS 
Alicyclic compounds are named according to the lUPAC system of nomen* 
clature by attaching the prefix cyelo to the name of the corresponding open 
chain hydrocarbon possessing the same number of carbon atoms. The 
common names resemble the lUPAC names. 

Because there are no ends in a cyclic compound, the carbon atom 
attached to the substituent gets position I , and a number to designate its 
position is not necessary. 

J 

Methyicyclobutanc 



ChtoFocyctohexane 


1-MethylbutyIcyclohcxanc 


When two or more groups are present, numbering becomes essential. 



l-Iss’propyl-2-mcthylcyclopentanc 


The assignment of numbers in a cyclic compound is done in such a manner 
that the principal functional group is given position 1 . Other substituents 
arc given as small a number as possible by going around the ring. 

0 

j 3*Methylcyclohexanone 



1. l-T>ibromo-3‘mctbylcyclodccane 



Alic^lic Compounds 2)3 


Unsatu rated and uosubstitotcd cyclic hydrocarbons need no numbering 

cycto Butene 


cych Heptene 


When the principal functional group is olehnic, both the carbon atoms in- 
volved in the double bond must be given small numbers. Since the principal 
group is always numbered 1, there is no necessity to indicate the second 


3«Methylcyciopentene 


1 

rra/is-3»5'Dimethylcyclohcxcne 

CM3 

numeral while writing the name. If two functional groups are present, then 
the order of preference listed in Table 2.6 (Chapter 2} is followed. 

4-Chloro-4-meth>icyclohcxanone 


3-Methylcyclopent-2-enonc 


Certain fhnctional groups such as aldehydes, carboxylic acids, amides, 
esters, nitriles, etc., cannot be included in the basic name of the cyclic 
portion of the molecule, instead they represent a branch from it. This is 
illustrated by the fdiowing examples: 
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Cyclopenta Dcca rbox v akiehyde 


C\clohcxanecarboxyh(. acid 



('yclobutanccarbuxyamidc 


Carbomclhoxy cyclohexane 


CsN Csclopiopane carbonitiile 

Compounds containing more than one img and whose ring shaic two or 
more of the same carbon atoms are known as pofyiythc compounds They 
irc named as follows: A compound containing rings with one common 
carbon atom is called a spirun and is named b> using the prehx spiio with 
the name of the parent hydrocarbon I he name of the patent hydrocarbon 
IS obtained by counting the total number of carbon atoms in all the rings. 
The numbers in the brackets indicate the number of carbon atoms on each 
side of the common cat bon atom. 

<X> 

Sptropcnianc Spno (t tj hcpijne .Spiro '1 iKtonc 



Spiro [2.4] hcpta-4.6 
dieoc 


A compound oontaining rings with two adjacent carbon atoms m common 
h cal^ a condensed ring system The word htryr/u is prefixed with the 
name of the parent hydrocarbon The ni^mbers of carbon atom between 
brtdieohead carbon* tn the system are indicated by counting from the bridge- 
head carbon and luting them tn a decreasing order within brackets. 
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Bic>clop.1.0J octane Bicyclo{4 ').0] nonane 

A compound containing more than iwi> dtom^ in common is called a brulg- 
ed ring system. These compounds are also named as condensed ring systems 



Bicyclo[l I. OJ butane 



Bic>cio (2 2 OJ hexane 



Bicycto {3.3 0) octane 



Bicyclo [4.3.0] nonane 




Bicyclo [2 2.1] hept'2-eive (Norbornenc) 




Bicyclo [2.2.1 ] hcpla*2,5-dicne 
(Norbornadiene) 
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In all the above example!* the tirst two numerals within the pareiUhesi^ refer 
to the number of atoms on both side of the common atoms. The third 
numeral pertains to the number of common atoms forming the bridge. 

A compound joined by a C — C single bond is named simply by using 
both the ring systems. 

ao cx) oo 

Dicyclohexane cyeh Pentane cyclohexane Dic>'clopeotaii< 

Certain polycyclic hydrocarbons being strained structures are often named 
on the basis of their shapes. 


C'ubanc 




Prismanc 


fiasketane 
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Tetrahedrane 


112 PHYSICAL PROPERTIES OF 
AUCYCLIC COMPOUNDS 

The boiling points of alicyciic hydrocarbons increase regularly as the ring 
size increases (Table 11.1), and arc 10-2(F higher than the corresponding 
open chain paraffins, e g 

cyclo Pentane b.p. 49* 

/i'Peotane b.p. 36“ 

Like alkanes, cycloalkanes arc also non-polar and thus tend to dissdve in 
solvents like ether, benzene or carbon tetrachloride. 
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Table 11,1. Physical Comtaats of Aiicyclic Hydrocarbons 


Hydrocarbon m.p. (®C) b.p, <*C) 


Oclopfopanc 

-127 

- 33 

Cyclobutane 

80 

13 

Oclopcntanc 

-94 

49 

Cyclohexane 

6.5 

1.8 

C^cloheptane 

- 12 

118 

Cyclopropenc 

— 

-36 

Cyclobutcnc 

— 

2.4 

C>clopentcnc 


46 

Oclohcxenc 

-104 

83 

l,VCyclohcxad»cnc 

-98 

80 5 


Small ring cycloalkanes are strained ring compounds. \ nnf; strain may be 
desenbeda strain that gives greater potential energy to certain cvcioalkunes. 
There is an interesting correlation between the thermal stability ajid the 
ring si^e It is based on the measurement of the heat of combustion, i.e., 
total amount of heat evolved when one mole of the substance is oxidized to 
COi and As the ring size increases the heat of combustion also 

increases. Cyclopropane has a value of 499 8 kcal/mole while for cyclo- 
hexane it is 944.5 kcal/mole This implies that cyclopiopanc has a higher 
heat of combustion per methylene molecule (app 10 kcal/ methylene group 
more) The cyclopropane ring is thus more strained and its ring strain is 
estimated at 27.6 kcal mole while m hexane it is zero 

11.3 GENERAL METHODS FOR THE PREPARATION OF 
CYCLOALKANES 

The following general methods may be employed for the preparation of 
alicyctic compounds and their derivatives 

1. An earlier method consists of the actum of metallic sodium on w 
dihalogen derivatives 

CHiBr 

/ 2Na 

HjC — »■ 

\ 

CHiBr 


V 


-»-2NaBr 


t J-Di^omopropane 


Cyclopropane 
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Hj,CCH,Br 2Na 


HjCCHaBr 
1 ,4-Dibromobutan« 


(- 2>;aBr 


Cyclobutane 


2. Cyclopcfitanonc decarbonylates on photolysi*. to yield cyclobutane 
while Clcinmenscn reduction of cyclopcntanonc rciults in cyclopentanc 
formation. 


o 




♦ CO 


3 Cyclohexane can be obtained by hydrogenation of benzene in the 
picscnce of Ni cdMlyst. 





licrt/enc Oclolwxanc 



Alternatively it can be obtained from cyclohexanol by dehydration 
followed by dehydiogenation. 


Cr°"^>*0^0 


C>clohcxanol 


t'> clohcxane 


4, An important method for the preparation of cyclopropane is the 
addition of methylene to C -C bond. The reaction proceeds by the initial 

/IV 



— ► : CH, 

\/ 

X/ 

C 

-f : CH, - 

— - X 

C 

c 

/\ 

/ X 


formation of a carbcnc, the simplest of which is called methylene. Carbcncs 
are neutral divalent species They react with ulkenes by adding to the C C 
bond to form cyclopropanes. 

5. The Diels>Alder reaction between ],3>butadienc and ethylene yields 
cyclohexene wliich affords cyclohexane on catalytic hydrogenation. 
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C*ii-^ 0^0 

1 , 3 -Butadiene Cyclohexene Cyclohexane 

6. Cinnamic acid on photolysis yields truxillic acid, a cyclobutane 
derivative. 



7. Simmon-Smith Reaction : Cyclopropane and its derivatives can be 
prepared by this reaction in which an olefin reacts with anda Zn/Cii 
couple. This reaction also follows a stercospccific as pathway, j.e. a civ 


V 


i: 

c 


+ CH,r, 


ZnrCu 


ether 




/\ 


/\ 


:CH, 


olefin yields a cis cyclopropane derivative. An organo^inc compound is 
considered the attacking reagent in this reaction. 

9. An old method for preparing derivatives of four- and five-membered 
rings is the malonic ester synthesis. Sodio malonic ester is treated with a 
dihalogcn derivative. Subsequent hydroly.«is and decarboxylation forms a 
cyclobutane carboxylic acid. 


CH28r 

+ 

1 ,3<Dibromopropane 


No 


COOC2M5 


COOCjMs 
Sodio malonic ester 



COOC2H5 

t.00C2»^‘» 



CyeiobutaaecaitKixyHc add 


QftikipeiilMd cttbmytki »d4 can be obtained in a similar manner. 
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10. From Grlgmrd Reagents : All these ring systems can be prepared 
by treating the corresponding halocycloalkanc with a Grignaid reagent and 
then with water. 



ethfr 



— 



C'yclobmyl bromide 


Cyciobutanc 





Cvclopcntvl Cyclopcntaiie 

bromide 


1 1.4 REACTIONS OF ATICYCLIC COMPOUNDS 

The chemical i cacti vity of each ring system will be considered separately. 

Cvclopropane • Cyclopropane is a planar molecule and has the structure 
shown below The internal bond angle is 60® and thus dcp.irts from the tetra- 
hedral value of 109® 28' 1 his causes angle strain, a strain introduced into 


/'V /’ 


SIOA 


* / % ^ 

C c 

I oa 
nr 


a molecule because of deviation from the tetrahedral angle, A large body 
of evidence indicates that a cyclopropane 'ing possesses a double bond 
character. This suggest.s that there is more p— chaiacter in its bonds than 
in a saturated compound The most important reaction of cyclopropane is 
the ring opening with various reagents. 
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H2/N! 



Pressure 

Brg 


L HBr . 


CH3CH2 


*■ CH3CH2CHj»0r 


C>'clot>ropanc 


It is chlorinated on photolytic chlorination. 






Cyclopropane 


Cvclopropy! Cblorxic 


Cyclobutanc'. This ring i-s not planar but slightly folded. The ring strain 
is less severe than in cyclopropane. The internal bond angles ate 88 * — a 



departure of more than 21* from the normal tetrahedral bond angle. It is 
opened in the presence of hydrogen and Ni. At ordinary temperatures, 
cyclobutane resists the action of halogens and hydrogen lialides. 



Ni 

4 H, CH,CH,CH^H, 


Cycloptntant: The internal angles of a regular planar pentagon are 
a value close to the normal tetrahedral bond angle. Therefore, a 
fdaaat cyctopentane would be expected to have very little angle strain. 
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However, in such a structure all of the hydrogens are completely eclipsed 
The molecule, thus attains a slightly bent conformation and the actual 
structure has the ‘euvelopc’ shape. On catalytic hydrogenation, the ring 
opens to give n— pentane. Bromination under free radical conditions yields 
cyclopcntyl bromide. 



•e fcr 



4- k h 


* } If'pcntanc 


r\c!opcnt\l bromide 


11.5 LARGE RINGS 

Large ring compounds (higher ketones) were first is'olatcd by Ruzicka from 
the Himalayan musk deer and the African civ t cat. Thus it became clear 
that large iings can exist. This prompted investigations into theii synthesis. 

1. Pyrolysis of thorium salts of higher dic.iiboxylic acids at 300° in 
vacuum results in ring closuie and formation of large ring ketones 


(CH^, 


/ 


O 

cir-c 


\ 


CH.-C/' 


\o 
o- 


CHg 

soo® / \ 

Th«+ ► 2(CM2), C-.0+2C0i+Th0, 


1 - 


Rings of upto 34 carbon atoms can be obtained. 

2. Another method consists of treating odium metal wiln a higher 
dicaiboxylic acid ester. It forms cyclic acyloins. 


OOOR 


(CH,), 




C~0-Na+ 


\ 


COOR 


4Na /I 

►(CHJ, 

2R()" Na+ \i 


t^O 


C— 0-Na+ 
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C— OH 


CHOH 


(CHJ, 


Red. 


C— OH 




CHOH 


QUESTIONS 

I! . I Suggest lUPAC names for the following structures 

... dr" 

b. 

• a 

tl. 





f. 


g. 
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h. 


X, 



I 



c 


r H « 

Lj 


k. 



COC H 


I 



-CM 


“CH 
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11.2 Compare the tetrahedral carbon oibital overlap in ethane with 
<*ji?/opropane and discu&s the stahiltt> of the two molecules How 
has the reactivity of ru/op'-opanc been c.xplaincd on the basis of 
modern molecular orbital thebry 

11.3 Describe methods for the preparation of laige ring compounds. 

1 1 4 Suggest a mchanism for the following reaction 



115 By what means may cyctopiopane be prepared ? 

11.6 Describe simple chemical tests to distinguish between the following 
pairs • 

a. O'ifabutanc and 1 'butene 

b. OT/opentane and cyi /opentene 

c. C/r/opropanc and Propane 
d (>c/opcntane and 1-pcntene 
c ryclbhexane and ben/ene 
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11.7 Offcrrcas on for the fact that 1 ,2— dlbroraocyclohexane on treatment 
with base yields 1,3 c^r/obexadtenc and not t:;c/ohcxyne. 

11.8 Why is cyclohexane more icsistant to ring opening than cyclo* 
propane? 



12 

Aromatic Hydrocarbons 


The discussion uptil now has been confined mainly to open-chain and cyclic 
aliphatic hydrocarbons, both saturated and un>aturatcd. Mow we will dis- 
cuss another most important class of organic compound!v—//ic aromatic 
hydrocarbons. The aromatic compt.)unds are exclusively cyclic and possess a 
pleasant aroma Coal tar is the principal source of these compounds. Thev 
differ from the aliphatic compounds in a number of important wavs. 

Aromatic compounds arc characterized by their cyclic conjuga- 
tion leading to increased stability. They undergo substitution rather than 
addition reactions which are characteristic of unsaturated aliphatic com- 
pounds, are thermally stable and resistant to oxidizing agents. Kekule was 
the first to recognize that the early aromatic compounds contain a si,\-caibon 
unit and they retain this ‘unit* thiough most chemical iiansformations. 
Benzene was eventually recognized as being the parent coinptiund of this 
series. 

12.1 NOMENCL.ATI RE 

Benzene is the lUPAC name for the parent aromatic hydrocarbon, 
C,H,. The names of the substituents Kx'uted on the benzene ring arc dei ivcd 
from the trivial nomenclature, fhe mono benzene derivatives arc thus 
named systematically by i idicating the substituent as a prefix with the word 
benzene. 



Benzene Lthylben/enc eyr/o- Propylberwcnc /.«o—Propy(bcnzene 

(('uinene) 
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ClCMJj CiCM 

0 0 0 

/•^Butylbenzene Vinylbcnzcnc Libynylbctucne 

(Styrene) 



Chlorobenzene Nitrobenzene Bcnzonilrilc rve/o— Butylbcnzcnc 

A number of monosubstituted dcnvativcj> are given special names and ha\c 
lUPAC sanction. 



roluenc Phenol 


COCH, 



Acetophenone 





Aniline 



Benzaidehyde 



Ani^olc 


COOH 



Benzoic <icid 
COW, 

0 

Benzaniide 


O 



Benaophenone Styrene owde 


When a second group is introduced on the benzene ring, it may occupy three 
possible positions giving rise to three Isomers. It is possible to number the 
ring commencing from the group selected as the parent compound. Alter- 
natively, another method is often used in which case the isomers arc given 
names depending on the positions of the substituents ;oi’tAo(t, 2), »ie/a( 1,3) 
and para (1,4). Thus the names of the derivatives of benzene can be derived 
from the parent compound. 
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«>>»Nttrophenol />o-Brotnoanilinc fM—oToluonItnIe 

A number of disubstituttfJ derivatives of benzene arc uIm) given trivial 
names that arc in common u^e, such as the foliov^mg: 



t>>— xylene m — xylene p — xylene 


Polysuhstituted benzene detivativcs arc named in a systematic manner by 
assigning position 1 to the principal functional group The remaining groups 
are given as low a number as p<>vsible by going around the ring. It is not 
necessary to indicate the position of the principal functional group while 



Brotno— 4>—nitro l)»brom<’ 2/t— 'Dibromo—- 4— chloio 

benzoic as id aniline aniline 

writing the name, fn the event no tiivial name is acceptable for aparticular 
substituent, one is constructed by choosing the appropriate unbranched 
chain in the substituent The numbering commences from the point of 
attachment of the substituent to the ring The name is then ended with 
and is used as prefix to the name of benzene. 



CHCMCWj 

I I 
Bf CH, 


I methylinropy I 

benzene 



CMCHtCM,), 

I 

CM, 


S 


2— <3— Mefhylbotyl) benaene 
(2-~nKnyJ*~3~~{nethyl butane) 


The group, often has to be used as a sttbstituent, i.e. as a phenyi 

group and the tUPAC rules for naming straight chain compounds are em- 
ploy^. as illustrated below: 
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3— Phcnylpropanal 1,3-- Diphenyl— 2— peoten— 1— one 3— Phenyl— 1— butanol 


Higher aromatic systems, known a&polycytic aromatic hydrocarbons hch&ve 
.similar to bcozenc and its derivatives- The carbon atoms in these molecules 
are numbered in a regular manner. 


3 



Naphthalene Anthracene Phcnanthrenc 


Note that there are four equivalent l-positionsin naphthalene Mid anthra- 
cene but there arc only two in phenanthrene. 

Occasionally, symmetrical compounds arc named as biaryls or bialkyls. 
Such names indicate that the compounds contain t\so identical units joined 
together. 



Biphcni I Bibcnryl ( 1 ,2— DiphenyhMhane) 


12.2 HIJCKEL RULE (AROMATICITY) 

As stated earlier benzene and related compounds are aromatic. They possess 
high resonance energies and are very stable. This extra stability is confer- 
red upon them due to a unique property called aromaticity. To predict 
whethet a compound is aromatic or not, HUckcl proposed a rule on the 
basis of molecular orbital calculations. Acco.'Mng to the rule, familarly 
known as the Hdckei rule, a planar, conjugated, cyclic system cotaining 
(4n-i-2) K electrons should be aromatic, where n is an interger. Since the 
inception of this rule, the aromaticity of a number dT mokculcs has been 
predicted. Benzene and its derivatives, according to this rule possess 
(4A'}-2)it or six electrons, are thus aromatic. 
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Benzene Toluene Phenol 

MMl.6nele n>-1.6nclc f/•l,6ffclc 

or tin aromatic sextet Polynuclear hydrocarbons i.c. containing more than 
one benzene ring an 1 their derivatives are similarly aromatic 


00 

COO 

0X0 

Naphthalene 

Anthracene 

Naphthacene 

ffa-2, lOrt ete 

14?t clc 

/i«4, 18 tc ck 


Further verification of the rule comes from the aiomatic behavior of certain 
cyclic ions. The following ions exist as completely conjugated planar systems 
and obey Hhekei rule 


Cyctopropenyi cation 
«*»0, 2n ek* 




Cyclopentadicnyl anion Fropylium ion 

««I.ArcIc «.|,6reclc 




QrclooctatnenyJ dianion 
naB 2, lOnr ele 


f-louienyl aoion 
nm 3, 14ir «te 


The cyclcpropeoyl cation with 2ic electrons is aromatic and triphenylcydo^ 
propcnyl bromide has been isolated in the solid form. Cydopentadiene and 
fluorene are highly acidic hydrocarbons. The tropytium ion (cycloheptatrie' 
nyl cation) has 6n electrons and exhibits aromatic character. 

The heterocyclic compounds such as pyrrole, furan, thiophene 
pyridine and quinoline, etc. similarly follow Hhckel rule and are aromatic. 
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Cyctobutadiene a square planar molecule and cyclooctatetraene which 
possess an alternating system of single and double bonds would also be 



Cyclobutadiene 
4jr etc 



H 

H 


Cyclooctatetraene 
8n cle 



expected to be aromatic and stable. On the contrary cyclobutadicnc contains 
only 4 tc electrons and is a highly reactive and non-aromatic compound. 
CycU>octatctracne with 8 tc electrons does not also obey liiickcl rule. It is, 
however, relatively stable compared to cyclobutadiene but possesses a low 
resonance energy (3 3 kcal/mole). There is m> probability of electron 
delocalization u.td t, behaves as a typical olcfinic compound. This is so 
because spectroscopic analysis has shown that a planar cyclcioctatetracnc 
would have bond angles of 135* resulting in a considerable ring strain. It 
lather exists in a non-planar tub-shaped structure. 

Monocyclic compounds having alternating system of single and double 
bonds have generally been referred to as annulenes. The ring size of an 
annuicne is indicated by a number written in parenthesis. Thus cyclohula- 
diene, ben^ne and cyclooctatetraene are called as (4] annuicne, [6] aivnulene 
and [8] annuicne rc.spcctively. Large monocyclic rings such as cyclotetra- 
hcptacne or [14J annuicne has been prepared but shows no aromatic 
behavior. The reason may be that the four internal hydrogen atoms 
prevent the ring from assuming a planar structure. Such ring .systems are 



(14) annuicne 
«»3, 14je cic 



(18| anmilenc 
««4, |8s clc 


referred to ns p,feutiooromatic. CycloiKtadccanonaenc or [I8J annuicne. on 
the other hand is aromatic and possesses a high resonance energy. This 
confirms the generality of the HUcket rule. 
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N&n4>emeiioid Aromatic Compamds. The term aromatic includes all those 
compounds containing benzene rings. There are, however, compounds 
which possess an aromatic character (obey I-fiickcl rule) but do not contain 
a benzene ring. Such compounds arc designated mnon-benzenoid aromatics. 
Cyclopentadiene, azulcnc, ferroccncs arc some examples of this class. 



Azulcne Ferrocene 

11*2, lOit ele 


123 PHYSICAL PROPERTIES OF AROMATIC COMPOUNDS 

Many aromatic hydrocarbons possess a pleasant aroma. The lower members 
are liquid while higher members arc crystalline solidN (Table 12 1) 


TnUe 12.1 Physical CoastanU of Aroiaatlc llidrncarbons 


Hydrocarbons 

m p . (V) 

h P . C'C) 

Benzent 


80 

Toluene 


no 

ethylbenzene 


116 

/y-Proi^benzenc 


159 

/.ro-Pro|>ylhen7cne 


152 

r-Batylbenrene 


169 

a-Xyleae 


116 

m-Xylene 


139 

ji'Xylene 


245 

Styrene 


145 

Biphenyl 

70 


Haphthalene 

80 


Anthraeeae 

217 


Pheoanthrene 

101 
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The boiling points rise gradually with an increase in the number of carbon 
atoms. These are compounds of low polarity, insoluble in water but soluble 
in ether, benzene or carbon tetrachloride. They burn with a sooty flame 
which is characteristic of all aromatic compounds but not of most aliphatic 
compounds, and is due to the high carbon content of the former. They are 
used as solvents for fats, resins, iodine, etc. and in the manufacture of dyes, 
drugs and as industrial solvents. 

The mono substituted benzenes possess appreciable values of dipole 
moments as is evident from the following compounds ; 



p 040 lin I.StD isci) 3.9SD 

I he direction as well as the magnituile of the net dipole moment of 
/>-bcnzene derivatives can be deduced from the simple additive principle; 



}i-.|90O 2. son 

(0.40+1 53- 1 95 01 (3 95-1.55 - 2 40 0) 


In the case ofp— chlorotoluciie both the component dipoles arc operating 
m the .same direction therefore, the net dipole moment is the 
sum of the individual dipole moments of cbloroben/ene and toluene. For 
/>-chloronitrobcnzcne the component dipoles operate in opposite directions 
and the net dipole moment is the difference of the two individual dipoles. 

12.4 PREPARATION OF BENZENE AND ITS HOMOLOGL'ES 
As a matter of fact there is no need to prcpaic benzene in the laboratory. 
Benzene is obtained from petroleum oil by cracking. Following methods, 
however, may be used for preparing benzene a ■ Uts homologue.s. 

I. By strongly heating the sodium salt of an aromatic carboxylic acid 
in the presence of soda lime (NaOH + CaO) decarboxylation, i c., temoval 
of CO, takes place with the formation of hydrocarbon. 

soda lime 

> C.H, fNa,CO, 


C,H,COO-Na+ 
Sod. benzoate 


A 


lienrcne 
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H3C 


-/^COO-Nq* 


Sod. tohMte 


CeHsCHj-^- NojCOj 


Toluene 


2- The friedel-Crafts Alkylation \ It is an important reaction for 
preparing aromatic hydrocarbons as it allows an alkyl group to he attached 
directly to the benzene ring- ft employs benzene and an organic halide; 
AlCI, is a catalyst. 

AICI, 

C,H,+Clf,Cl ► C.HjCHa 

Benzene Toluene 


AlCI, 

Benzene Ben7>l Diphen>lme(haDe 

chloride 


AICI3 

CjIfjNO^-T C^HjCl > No reaction 

Niiroben/cnc 


Mechanism 

It is an electrophilic aromatic substitution reaction and the alkyl halide 
reacts with aluminum chloride to form a caibcK'ation which subsequently 
attacks the aromatic ring. Aromatization of the resulting intermediate 
takes place by the los.s of a proton. 


( CHjIjCCi AlClj tCHjIjC AICI4 

f'Bulyl chloride 











0 




r*llutyibein«iie 
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Depending on the structure of the alkyl halide the intermediate could 
be a discrete carbocation or a complex 

Since a positive species attacks an aromatic ring, presence of electron* 
withdrawing groups such as - NO 2 . CN on the aromatic ring retard 
the rate of the reaction. These groups greatly reduce the electron density 
on the ring. Nitroben/x:nc does not react in the Fricdel-C rafts reaction. 
Certain electron-donating groups such as NH,, OH also deactivate 
the ring towards electrophilic attack. These groups complex with AICl, 



and thus diminish the electron -density of the ring. 

The choice of an alkylating agent is quite wide as protonated alcohols 
and alkencs aLvS p.uvide carbocations. This is examphficd by the accom- 
panying reactions 



The I riedel-Crafts reaction is often accompanied by molecular rear- 
rangements and a mixture of products is obtained. This is illustrated by 
the following examples. 



258 A Textbook of Organic Chemistry 






M4 & 



M»AO 



*j» r 


WiJ-peniyl akohul 


The rearranged product is formed in a major >iel(J, This is pt^ssiblo 
because the initiullj formed caibocation undergs^cs u hydiidc (If*) or an 
alkyl group shift to form a more stable caibocation 


CH,^ 
CH, 


>C -CH, 


l” cjrlHHMtion 


CH. 


V- CH, 


C\\/ 

t’ carhocation 


A pure sample of n— -alkyl hydrocarbon is obtained by alternative 
methods. One such method requires the acylation of the ring followed by 
Wollf-Kishncr reduction of the ketone. 

O O 

, Ain, w K 

C,H,.f-CH,CHsC~a -s C,H,CCH,CH, C,HtCfl*CH,CH, 

«— •Propyibcnzwi* 


Intramolecular Fricdel-Crafts reaction is also possible m which cyclic 
products are obtained. An example is the reaction of 4-phenyl- 1 -butanol 
to give tetralin. 
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3. Dehydrogenation and cyclization of aliphatic hydrocarbons using 
Cr,0, as a catalyst yields lower aromatic hydrocarbons. At the present 
time more toluene is produced commercially by this method than from 
coal tar. 

CfjOj 

H,CCH*CH,CH,CH,CH3 > C,H, 

n-Hexane 450-500^ Benzene 

MsCClljCHjCH^CHaCHsCH, QH.CHs 

n Heptane 450 sqO* 1 olucnc 

4 Clvmmctncn Rvduciion of Ketotws. Aromatic ketones can be reduced 
to h>drocMibons by the C'lemmcusen reduct ion (amalgamated /incandconc. 
IK I) Acetophenone, for instance, yields ethylbenzene according to thus 
reaction Ketones can be leadily obtained by the l-ricdel-Crafts acylation 
K'hapter 16). 

O 

Zn Hg 

QHjCCIIj ► QHiCH.CH, 

CVnc. MCI 

Acetophenone I Ihytbcnzenc 

5. Wurtz-lUtig Reaction: The alkylaryls can be obtained by heating 
an aromatic halide and uu aliphatic hubde in the presence of sodium in an 
inert stdvent. 

Nft.A 

C,H, Br f C.HjBr ► C,HsCHjCH,+2NaBr 

Several side-products are, howcvei, obtained in this reaction. 

6. From Aceivlcne: Benzene is obtained by passing acetylene through a 
red hot tube. 

A 

3HCjeCH ► C,H, 

7. Lithium diinelhylcupratc replaces iodine or bromine by methyl 
from aryl halides. This results in alkylation of the aromatic ring in high 
yields Toluene can be obtained from lodobenzcnc in this manner. 

C,IM+(t:H,),CuLi C,H3CHg 

8. From CoaUtar: For details see Section 12.11, 
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1Z5 STRUCrUJUB OF BENZFNC 

The following evidence bears upon the structure of benzene* 

1 . Elemental analysis and molecular weight determination shows that the 
molecular formula of benzene is c,»,. 

2. Vnsaturation in Bcmiw 

a. A saturated molecule sl\uuld have a molecular formula CjH,*, accord- 
ing to The ratio of carbon to hydrogen tn benrenc indicates 

that the molecule is unsaturated. However, it neither responds to 
Baeyer's test nor diK's it decolorize bromine solution in carbon tetra- 
chloride. 

b Benzene, when chloi inated in the picscnccof sun light. foimsCVH,CI,. 
This indicates that three double bonds are present. 

3. Cyclic Structure of Bcn:cne 

a The above information shows that benzene is an unsaturated compound 
but it does not behave like alkynes or alkencs Reaction between ben- 
zene and bromine and a trace amount of FcBrj yields a single com- 
pound, namely bromobenzunc 


fcBr, 

C,H,+ Br, ► C,H,Br-4 HBi 

b. Hydrogenation of benzene in the presence of Ni or Pd yields ryc/o- 
hexane, by the uptake of 3 molecules of hydrogen. 


Nt 



These experiments suggest a cyclic structure for benzene. Faraday isolated 
benzene m 1825 but its presently accepted stiucturc was first suggested by 
Kekulcm 1865. He proposed that benzene is a regular hexagon in which 
an alternate system of single and double bonds is present. 


H 



r 


H 

Kekule structure for benzene 

There are two objections agtiinst Kekule's structure: 
a . Why is it that benzene shows such a remarkable stability toward 
oxidizing agents like KMn 04 even though due to its double bonds it 
is expected to be reactive ? 
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b. The Kekule structure would predict only one mono bromobenzene 
but two 1,2 — dibromobcnzcnes (I) and (11). In (I) there is a double bond 



(i> <ii) 


between the two bromine atoms while in (II) there is a single bond. 
Therefore, if Kekule’s structure were coriect, both of the isomers 
should exist and have ditfereat properties. But only one 1,2- 
dibrom«>beuzene is known. To account for this, Kekule postulated a 
dynamic equilibrium between the two structures as shown below: 



In other words, the position of single and double bonds are not fixed 
and instead they oscillate. 

Several additional stiuclures were also advanced during the nineteenth 
century but w'erc soon rejected. One such structure (Ifl) was due to Arm- 
strong in which (he valences were directed toward the center. 



Another attempt was made by Ladenbutg who suggested a prism structure 
(IV) in order to explain why benzene does not behave like an unsaturated 
compound. The thini structure (V) was the diagonal formation of Dewar, 
but was rejected on the basis that it was no. symmetrical It is interesting 
to point out here that this structure was subsequently synthesized in 
1963 by two American workers, van Tainclcn and Pappas. 

In summary, the Kekule structure withstood all the tests and has been 
farther substantiated in the light of modem views about the structure of 
benzene. 

Molecular Orbital Model for Benzene'. Kekule suggested a dynamic 
equifibriam between the two structures of benzene as it is known but 
benzene now is a single molecule. This has been adequately interpreted by 
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the modem molecular orbital theory. Each carbon atom in benzene is ap* 
hybridized as m ethylene with a bond angle of 120*. There arc six 2p« 
atomic orbitals (one on each carbon atom) which are parallel to each other 
but are perpendicular to the plane of the ring and project above and below 
It Each pt orbital interacts equally with its two neighbours producing a 



circular double-doughnut shaped M O. embracing all six carbon atoms 
The electrons arc spread out since they tend to repel each other and we 
oAen say that the electrons m benzene are delocalized. Because six electrons 
are involved, therefore, six molecular orbitals arc possible according to the 
LCAO treatment* as follows 



9 












Six 2p atomic 
orbitals 

bif. I-M 


Six n mukcutar orbitaH tc eketren 

configuration 

Mokcular orbital description of benzene 


Three of the molecular orbitals are bondmg and three arc anti-bondiog. 
Thus by placing the six valence electrons in the three bonding w-orbi(ab. with 
not more than two electrons in any one orbital, a model for benzene is 


*bl the LCAO O^near combination of atomic orbitelsj ireaimeot of the overall 
motaeular orbitalsare ajmroximated by siinpfe addition and subtraction of individual 
tnolecuter txrbitat'. The tennmology was suggested by R.S, Miilirken, 
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constructed which has all the structural features of Kckule’s proposed 
structure and in addition can be treated by molecular orbital calculations 
and is thermodynamically very stable. 

Resonance in Benzene : There is another term used for delocalization 
and is called resonance- As stated curlier we sa> that a condition of reso- 
nance exists in benzene and that it is stabilized by resonance The theory 
of resonance was developed a few years piioi to the molecular orbital treat- 
ment. Thus resonance has provided a useful method of describing molecules 
like benzene. Benzene is represented as a resonance hybrid of the following 
two equivalent structures 


H H H 



Resonance hvbriii of ben/enc 

One observes that they involve identical positions of the atoms and differ 
only in their electronic arrangement. It is believed that the structure of 
benzene is hybrid of the two structures and is not identical with either of 
the two structures. The C — C bond is neither .single nor double, but is con- 
sidered a ‘partial double bond*. Resonance stabilizes the molecule against 
a number of chemical reactions. 

The six hydrogen atoms arc chemically equivalent. The C— H bond 
distance is l.()84A and the carbon-carbon bond di'tance is 1.39A which is 
intermediate between the curbon-carb^m band distance of a saturated 
hydrocarbon (I.54A) and an alkenc (1.34Aj. 

12.6 REACTIONS OF BENZENE AND IIOMOI.OGL’ES 

Benzene and its homologues undergo a seric.s of interesting reactions. 

1. Substitution Reactions. The most important reaction of benzene is 
elcetrophilie substitution on the benzene ring. Several types of reagents yield 
substitution products. All follow similar reaction pathways. An electrophile 
(£'*') attacks the benzene ring to foim an intermediate carbonium ion which 
has two paths available to it. In path (a) the ion can stabilize itself by 
losing a proton and yield a substitution produ 't. In path (b) it can react 
with a nucleophile and thus afford an addition pioduci. Generally path (a) 
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is favored over path (b) so that one usually observes only substitution 
reaction. In this path the aromaticity of benzene ring is preserved. This is 
shown in the potential energy diagram in which the dotted line refers to the 
higher energy product involving a higher transition state. 



> ftsoclion CoordVtoK 


Fig. 12.2 Potenital energy diagram for a substitution reaction 

a. Ifalogenation: Bromine or chlorine reacts with benrenc in the 
presence of a Lewis acid to form bromo- or chlorc*-bcnzene. 


Fe8r, A 





Toluene {>~Bromo(olucne /> — Uromototuene 


Lewis acid acts as a catalyst and helps to polarize the halogen molecule by 
accepting a tone pair from it ard is called a *hahgen carrier'. The positive 
end of the halogen moiccutc is now an electrophile and attacks the ben|ene 
The reaction does not proceed with iodine because the posittdb of 
equilibrium is unfavorable and lies to the left. 

Medimtsm 

The mechanism starts with the formation of a bromonium hn, Br+ which 
the benzene ring to form the benzenebromonium ion which is 

Bf—Br+FcBr, 


-♦ Br’’ j-FcBr,- 
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Stabilized by icsonancc. In the final step a proton is lost with the help of 
FcBr,' to form bromobenzciie and hydrogen bromide. At the same time this 
step regenerates the catalyst FeBr,. lodination though occurs without a 
Lewis acid but the reverse reaction is much faster than iodine substitution 
in the ring, and no iodobenzene is obtained. 

In case of toluene two products are obtained. The directive effects of 
sulfuric acid, groups will be taken up in Section 12.7. 

b. Nitration: A nitro group can be introduced into a benzene ring using 
a mixture of cone, nitric and sulfuric acid (1 : 2 ratio). In the absence of 

the reaction is slow. 

Cone. HtSO, 

C,H, F UNO, ► C,H,NO,-t H,0 

50-55*C 

c. Sulfonation: Benzene reacts at room temperature with fuming sulfuric 
acid, i.e. cone., sulfuric acid containing dissolved SO,, forming benzene 
sulfonic acid. This reaction requires no catalyst. 

Cone H,SO,+SO, 

C,H, ► C,H,SO,H 


Sfechanlsm 

In cone. HjSO,, sulfur lri<*-xido is produced as follows- 
2H.SO, ^ — > SO,-l lLO^ rHSO,- 

Fumiog sulfuric acid is the most common sulfonating agent. Because the 
three S^O bonds in SO, are all polarized (S^— 0~) and the cumulative 
charge on the sulfur atom is highly positive. Therefore suKbr trioxide which 
is the attacking species is a powerful electrophile. The importance of 
sulfonation reaction lies in the fact that the — SO,H group can be replaced 
by— OH to form phenols. Sulfonation is also important in the manufacture 
of detergents. 
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d. FneJel-Ciiifts L i/c‘/o/f IntriHluction of an alkyl group on the ben- 
zene ring undet the 1 nedel-Craftb conditions was discussed on p. 192 
O 

An atyl group (—C - R) can similarly be introduced using an acyl halide 
and anhydrous aluminum chloride. The prtKes^ is called acylation 

O 

AICI, tl 

C,H, CHjCOCl- --^CVfsCClia 

Iki'/ctie Acetophenone 

Afeehantsm 

Anhydrous AlCI,, being a 1 evvis acid, coordinates with the unshaied pair 
of electrons of the carbonyl oxygen. I urthcr reaction with catalytic anfbunts 



of AK^ forms the electrophile which attacks the benzene ring. The carbonyl 
l^ottp is still complexed with AlCltSod ketone is liberated on hydrolysis 
with cold dll. hydrochloric acid. 
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♦ 3MCI 


Al(Om,+3HCl ► Al»* f 3HtO+3Cl- 

2. Oxidation: Benzene itself is resistant to oxidation, a KMnO, solution 
to which benzene has been added remains purple colored. However, on 
oxidation with air in the presence of V^O*. maleic anhydride is formed 

KMnO*, OH- 

No reaction 


90 


Benzene 



2C0, +2H,0 


Maleic anhydride 


The l>€n/ene homologucs, however, arc oxidized to the corrcsp«>nding 
carboxylic acids. 

KMnO,.0»t-, n,(> 

('.men, C,H..COOH 

Toluene Benzoic acid 



KMftp , OM, M O 

i ^ • 

iotft 


Cyclopropylbcmtcoc 



Benroic acid 


o: 


KMnO^.OM”, MjO 

i6o®c 


j,^»^COOM 

Sj^^cooH 


j2*Xyf«fw 


Phtiiolic acid 


If there is no benzytic hydrogen available, then the side^chain resists vigorous 
oxidation. For instanoe, oxidation, under vigorous conditions of r-butyl- 
benzene results in trimethylacetic acid — the product of oxidation of tW 
benzene ring. 
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O C(CH,)j 

’ ’ KMnO* Oh 


tCH, ),C€00H 


/— Bulylben/enc 


Trimelfaylacetic acid 
(Pivalic acid) 


A milder oxidizing agent such as chromyl chloride converts — CH, group 
of toluene to an aldehyde. 

CrOjClj 

C.HjCHj > C.HsCHO 

Ozonolysis of benzene yields 3 molecules of glyoxal 


C,H, 


o, CHO 

31 

CHO 


3, Catalytic Hydrogenation', Benzene and its homologues arc reduced 
by hydrogen in the pre.sence of Ni catalyst. 


C|H* ♦ 3Hj 




Benzene 


C'yctotiexane 


Ctbylbenrene 



Lthylcyclobexanc 


Benzene ring can also be reduced partially. This is accomplished by using 
a metal-ammoDia*alcohol mixture as reducing agent. This reagent is power- 
ful enough to reduce benzene and also specific to add only two hydrogen 
atoms. Benzene is reduced with lithium and liq. ammonia in ethanol to 
cyclohcxa— 1,4— diene. This is called the Birch reduction. The reaction is 
considered to proceed v/a an anion radical mechanism. 



4. Radieai Hotogciuition: Benzene homnlogucs undergo halogenation 
under the catalytic effect of u,v. light or a radical initiator. The products 
obtained are different than those in the case of ionic halogenation. 
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hv 

C.H*CH,+Br, ► C,H»CH*Br i HBr 

Toluene Bcn/yl bromide 




Bihylbenrene 


hV 


rr 


CHCHj 


■t-HBr 


! — Bromo— I — phenylethane 


Mechanism 

The mechanism of free radical halogcnation of toluene can be formulated as 
follows: 

hv 

Initiation Br -Br - — *■ 2Br 



The bromine atom formed by the cleavage of the Br— Br bond abstracts a 
hydrogen atom from the methyl group of toluene to form benzyl radical. 
This in turn reacts with bromine to form the product. The formation of the 
product in the reaction is governed by the stability of the intermediate 
ladicai which follows the order 3* > 2® > 1®. 

5. Chloromethylation : Certain other reactions of aromatic nucleus 
arc related to the Friedel-Craft reaction The introduction of a chloro- 
mctbyl group is brought by HCHO, HCl and 7. Cl,. 


CHjCl 


C il 

3 2nCl, 


Benzene 


Chlorotncthyl 

Benzene 
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6. The GaUerman-Koeh Reaction : Benzaldehyde ii obtained by the 
treatment of benzene with CO and HCI in the presence of AICI«. This 

AICL 

C,H, i CO + HCI ► C,M,CHO 

Beo/ene tieuraldehyde 

reaction probably involves a species of the type HC+ O A1CI«~. 

7. Photo Addition : Benzene undergoes exclusive addition in certain 
photochemical reactions and on irradiation with u v. light, adds on dimethyl'* 
acetylene-dicarboxylate, which being unstable decomposes to give a cyclo* 


COOCHi 



COOCH, 



-COOLH, 
- COOCH, 


O coorn, 

COOCM, 


octatetraene derivative. Photochemical chlorination of benzene gives 
addition rather than substitutions product, gaminaxanc which is used as 
an insecticide against many agricultural ptsis The activity is due to the 
presence of the yisomcr. one of the geometrical isomers of C',H«(’I« 



8. Benzene and other aromatic compounds form n-complcxes witb ' 
reagents soch as iodine, picric acid, tetracyanoetbylene, etc 






/H—Xytene 


A plertte (n^omplex) 
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9. Monodeuterobenzene is obtained by the reaction of benzene with 
deutcrosulfuric acid (D^SO^). The reaction as compared to sulfonation 
occurs under milder conditions. 



Benzene Benrene— rf 


This reaction is also an example of el«;trophilic substitution process 


12.7 USES OF BENZENE AND HOMOLOG UES 

Benzene and toluene are used as solvents fot fats, icsins and in the labora- 
tory arc used in the preparation <if insecticides and explosives (TNT>. 

12.8 DIRECTIVE EFFECTS OF SUBSTITUENTS AND REACTIVITY 
It was stated pt.Vi.xjsly that in benzene all the six hydrogen atoms are 
chemically equivalent and a single produet is obtained dunng an electro- 
philic attack on the nucleus, i.e. a single br<'moben/enc is obtained on bro- 
niinalion. Thus the following strucluics aic all equal But if a group is 




.niready occupying a position on the ring, i.c , it is a KMizene dci ivative, the 
incoming electrophile may attack either ortho, meta or prw position relative 
to the attached group to yield a mixture of producl.s Since an electrophile is 
an electron-deficient species, it has a tendency to .iltack a pivsition of high 
electron density. A substituent present on the benzene ring thus can cause 
the benzene derivative to react faster or slower than benzene itself by in- 
creasing or decreasing the electronic charge and the substituent is said to 
have an activating or deactivating effect. An electron donating group » 
activating white an electron-withdrawing group is deactivating, llie former 
type of derivatives would react faster than the latter type in au electrophilic 
substitution reaction. A logical way to deli i Nitc the directing effect of a 
substituent has been developed qualitatively based on conjugation and polar 
effects of the substituent present on the ring. 

, The various groups (sec Table 12.2) have been divided into two types, 
i.e., eteetron^donating and electron-withdrawing. Those that withdraw elec- 
trons inductively are said to exert an -*/ effect and those which withdraw 
electrons coqjugaUvely a — Af effect The terms f / and f M are assigned 
to dectron-donating groups. The rationale in determining the directive 
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effects lies in writing different resonance structures of the iotennediate 


arenium ion 



. This structure implies that R can 


be in any position relative to the electrophile E- Then a decision is made 
on the basis of the most stable arenium ion formed. This is illustrated for 
attack of an electrophile (E'^) on aniline in which — NH, is an electron* 
donating group. Let us assume that the electrophile attacks all the three 


ortho 



different positions on the benzene ring. A careful look at these intennedittes 
indicates diat the structures in which attack takes place at the ortho gnd 
para positions are more stable ttiao those in which the attack is at the r^eta 
position because of the additional resonance structures of the positive charge 
with the amino group in the former case. Though the amino grouf is 
electroO'Withdrawing inductively (—1) but the resonance effect (-HM) in far 
more iroportatit and that makes the amino group an effective election' 
dkmathif group. The amino group tlnis directs an incoming elcctrophite at 
the ortho and the para pt^itions. It may thus be concluded that an electron* 
donating group is ortho and para directing. The nitro'grotip hi a powerful 
ate^roO'vrithdrafiriii^ group and it docs so both by inductive and rescnance 
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effects. In order to see how this group directs the incoming electrophile we 
need to examine the resonance structures for the following arenium ions. 


ortho 






o--- 

0 ? 

-.a- 

-Cf' 

meta 




1 

o 

o 



// 

o 

o-- 

& 

-O!- 



para 


0 ^ 




I-rom these structures it is apparent that attack of an electrophile at the 
ortho and para positions requires the positiw charge to be placed on the 
carbon atom bearing the electron-withdrawing group; such structures 
woitld thus be of high energy and unstable. The mer<i— substituted arenium 
ion is more stable because no such unstable structures contribute to its 
hybrid. The mc/a-substiiutiun is thus favored in the case of the nitro group 

There are certain groups whose polar effects alter depending on the 
demand of the reaction. These substituents include halogens, nilroso and 
phenyl groups. Halogens arc ciectron*withdrawing ( 1) that is why substi- 
tution of chlorine for hydrogen in acetic acid arguments the acidity of 
chloroacetic acid Butin electrophilic aromatic substitution halogens are 
ortho and para directing because the halogen atom, due to resonance inter- 
action with the positive charge, stabilises thv arenium ion. 

It does so in the same manner as the — OH and —NM, groups tqr donat- 
ing an unshared pair of electrons. These electrons result in relatively stable 
tesonance structures contributing to the hybrids for the ortho and para 
arenium ions as shown below : 
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ortho 



Although, according to resonance effects it may be anticipated that 
halobcnzenes are more reactive than benzene, it is rather the reverse that is 
observed. 

Thus the resonance effects determine orientation in halobcnzenes 
whereas the inductive effect influences reactivity. Certain groups are meta 
directing by virtue of their electron*withdravring natuie, these include 
— CF„ — NtiCH,),, - -CCI, etc. The alkyl groups arc electron-donating and 
direct the iucomtng electrophile to the ortho and para positions. The alkyl 
groups enter into hypet conjugation with the ring and thus act as election- 
donors. The information di.scussed above i.s summarized in Table 12.3. 

Takle 123 


SuMiiuent 

Polar Edectft 

nirecting Effects 

-NHL, -OH. -OCH,. -NHCOCH* 
-OCOCl^ 

-t + M 

o ftadp 

-NO,. -OOOH. -COOR 

-M 

m 

P.aar.l. -C^H, 

-1 + M 

omdp 

-Cf^ -Cfl(Clf,), 

«-GfCH,V cyclopropyl 

*4 I 4* 

0 andp 

-CP,, -CCl^, -N+CCH^), 

-I 

m 
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This theory applies for mono substituted benzene derivatives, in case two 
similar groups are present they reinforce the activating or deactivating 
effects but if the groups are dissimilar then they compete with each other. 

From the above discussion it is clear that certain groups arc more 
activating than others. With respect to benzene, therefore, activating groups 
facilitate the attack of an electrophile on the ring while the deactivating 
groups render the attachment more difficult. Since the intermediate arenbmt 
ion formed is positively charged, electron'donating groups are capable of 
stabilizing it with the resultant decrease in activation energy of the transition 
state. To illustrate this point let us consider the attack of an electrophile 
(E'*') individually on toluene, benzene and nitrobenzene. 



Out of these three intermediates, ’(A) will have the lowest and (C) the 
highest energy compared to (B). This information can be understood with 
the help of a potential energy diagram. 



Phu 11.3 Rriative potaatlal energiM of the intwuMdiates A, B and C 
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The inductive and the resonance effects of the nitro group together make 
the energy of activation for an electrophilic attack on nitrobenzene much 
larger than that for benzene and toluene. This energy for toluene is even 
smaller than for benzene because of the activating effect of the methyl 
group. 

12.9 NAPiniUL£N£ 

Two benzene rings fused at the ortho positions form the naphthalene 
(C«H,) molecule, ft has the same kind of bonds as benzene except that 
there are 10 electrons extending over a framework of fen carbon atoms. 
The isomeric mono substituted naphthalenes arc distinguished by (he 
numerals I and 2 or by the Greek letters « and p as shown below: 



All the four «-positions arc alike as arc all the p<»pi’>silions, thus there is only 
one «-dcrivativc and one p*derivative of naphthalene There arc only two 
raonO'dcrivatives. 1 e. « and fi possible for naphthalene whereas there arc 
ten disubstitued and 14 trisubstituted denvalives. It complies with the 
Hticket rule, possesses aromatic stability and has resonance energy ot^ the 
order of 60 kcal/mole 

12.9.1 niyskal Properties 

Naphthalene is a solid crystalline substance of melting point 80“ and posses- 
ses a characteristie odor. It is insoluble in water but is soluble in boiling 
ethanol and benzene. It .sublimes readily on heating 

Naphthalene is con.sidered as a resonance hybrid of three caononical 
structures in which the C -C bond-s arc not identical. The bond distance 



between Q C, ( 1,365 A“) is shorter than C, C, (1.404 A“) bond. An 

exaroinationof the above resonance structures icveals that two structures 

hzve 8 double bond between Ci—Cj and only one between Cj-"C^. 
Therefore, the Ci-Q bond distance is shorter, Naphthalene is also more 
reactive than benzene because of the difference in bond lengths. 

12.9.2 Plf9««tiM 

1. Nsplitbaleae is obtained predominantly from coal tar (for details see 
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Section 12.11.2). It may be prepared from dccalin by dehydrogenation in 
the presence of a catalyst. 



Ps Caiolyst 
180* 



SMj 


Decalio 


Naphthalene 


2. Haworth Synthesis: This involves a Friedcl Crafts reaction between 
benzene and succinic anhydride and the resulting acid is reduced under 




rif Of pPA 




y — Phcnylbutyric acid a — Tctralonc 







Tctralin 


Naphthalene 


Clemmcnsen conditions and the ring is closed to a-tctralonc with subsequent 
reduction and dehydrogenation yields naphthalene. 

12.9.3 Reactions 

1. Electrophilic Aromatw Substitution: Like benzene naphthalene under* 
goes balogenation, nitration, sulfonation and Friedel-Crafts reaction. 

a. Halogenation: Chlorination or bromination occurs readily and no 
Lewis acid catalyst is required. The reaction takes place exdusively at the 
I'poation. 17)0 tendency of naphthalene to substitute at 1 -position in pre- 
ference to 2-posttion is usually explained on the basis of resonance stabi- 
li/ation of the intermediate carbonium ion as was done in the case of 
benzene. When the attaca in naphthalene is at position- 1, the Interoiediatc 
ion is more stable. 
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Naphthblene i— Chloroiwplrthalcnc 

b. Nitration: Nitration (HNOt. HjSO^) in naphthalene also occurs 
readily at l•poulion: 


MNOj.MgSQt.SO-fiO* 


Naphthalene I-— Nitronaphthaicne 

c. Sul/onation: The orientation in sulfonation in naphthalene changes 
with the temperature of the reaction, at 80** mainly 1 •napbtbalcncsulfonic 
acid is obtained while 2-naphthaicne<.ulfi>nic acid results at 160*. Rapid 
formation of the I -isomer in the sulfonation of naphthalene reflects the 
greater stability of the intermediate carbonium ion. When 1 -naphthalene- 
sulfonic acid Is heated at 1 60* most of it is converted to 2-naphthalcnv- 
sulfootc acid. The sulfonic acid group at p4>sition-I is sterically hindered by 
the hydrogen in the 8-position. The unhindered 2-isomer is the more stable 
of the two naphthalene sulfonic acids. 





d. PrhM<rt^ Acfhtioni The orientation of F.C acylatton depend* 
00 the nature of the sofvent. Thus naphthalene, on acylation (CH,COCI. 
lUCh) OArboodhttlhde yields the I •isomer while predominantly 2 *i«omer 
h obtained in nitrobenzene as solvent. The difference in orieotntioD is 
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attributed to the formation of a bulky addition complex In nitrobenzene 
which tends to attack the more spacious 2-p.>siti.>n, because there is steric 
interference at position — 1 by the hydrogen at S-piisition. 

c. CMoromethylation: C'hloromethylation, i.c , introduction of a CH,Cl 
group takes place easily and subsequent treatment with hexamethylenete- 
tramine (CHjO -i- NH,) yields an aldehyde. 



Naphthalene i-Nriphihaldchyde 


2. Reduction: Ditferent reducing agents reduce naphthalene to varying 
degrees. 



Hapbthtlenc Decahydronapitthalene 

<I)ecalinc> 
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Heating tetraline in air for SO hours at 70* and decomposing the peroxide 
so formed with sodium hydroxide yields a — tetralone. 



Tetralin a—Tetralooc 


3. Oxidation: Oxidation of naphthalene by different oxidizing agents 
produces different products Under milder conditions, 1 , 4-naphthaquinonc 
is obtained while vigorous oxidation yields phthalic anhydride In the lattei 
oxidation. phthaUc acid is initially formed which hises water immediately 
to give phthalic anhydride. 


0 



or. 

Na^thaieav Phthalic anhydride 


4. Derivattvei The different «• and il*substituted derivattves 

of naphtbaleite can be prepared by the following sequence of reactions; 
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Ha*' -'v K 
Reeur » ' 



i\ 

< MO 





Aoeo«phthen«<|uinoM 
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Na^Cf20;/w,S0^ 


wOOC COOH 

• rV'’ 


•V i "n 
-M 7 O ' 


CO 


Acenaphthene 


1 .S'— Naphthalic 
acid 


] ,8 — Napbtbalic 
anhydride 


Acenapbthene on oxidation with lead peroxide yields acenaphthalene. 


fr.'' 

L~ > 

Acenapbthene Acenaphthalene 

5. Preparation oj Dyes', Para-red is obtained front nitroaniline and 
P-naphthol. The coupling lakes place at the 1— position. 





l-Metbyl-2-naphthol does not couple with p-nitroaniline under ordinary con- 
ditionSt This supports the view that there is much more double bond charac- 
ter between 1,2 positions than the 2, 3— positions. Another important point 
is that substitution at position-3 will result in a high energy o — quinone sys- 
tem. This conclusion is substantiated by the i imiuation of 2— methylnaph- 
thaleae which occurs at the I- and not the 3-position 



2>~>M«ihylnaiM>liuileM 



1— Bromo— 2— iwibytaaidithaleae 
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12.9,4 Orlenintioii in Naphtlialeoe 

The distribution of isomers in an clcetrophiiic substitution can be predicted 
on the basis of the stability of the intci mediate ion formed. Let us considei 
the attack of an elect! opbile {E*) at the t- and 2- positions on naphthalene. 
The resonance sttuctures for the o-complex can bo written as follows: 



Naphthalene 


An examination af these stiuctnics indicates that the benzene ring is preserv- 
ed in two rcsonaiKc structures for attack at 1 -position but in only x»nt foi 
attack at the 2 -position The ekctrophilic attack thus takes place exclusively 
at t -position m naphthalene 

] 2.9 5 L’ses of Naphthalene 

Naphthalene is used is an insecticide to prevent moths in clothes. It is also 
used for tbemanufavtuic ol d>cs Tctiaho and decaltn arc used as solvents 
for paints and varnishes 

I2.94S Struefore of Naphlhateoe 

The structure of naphthalene has been assigned based on the following 
pietses of evidence. 

f 

1 . Front elemental analysis and molecular weight determination’’ the 
molecular formula is found to be CuH,. 

2. The molecular formula suggests that It IS unsaturated like beraSboc, 
but It does not respond loBaeyerN test or decolaiize bromine solulimi 
in CCI 4 ft can be fully reduced to decalin (CiaH,^ by absmptioft of 
S moles of hydrogen. It, therefore, contains five double bonds. 

3. Naphthalene, m many ofifs chemical properties, closely resembles 
benzene. 

a. It undergoes halogenation, nhratkm and futfonation. 
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b. Its amino derivative can be diay.otized 

c, Naphthols give coloration with ferric chloride similar to phenol. 
These properties indicate the presence of one oi mure benzene rings 
in naphthalene. 

On vigorous oxidation naphthalene ts converted t«> phthalic anhydride, 
but under milder conditions it forms 1,4-niiphlhaquinune 



0 

? 5 * 

0 

These reactions iadic.ttc the fusion of two cyclic structures ut the 
ortho positions. 

1 — Nit I onaphthalene, on \ igorous oxid.'ition yields 3-n’tf ophthalic acid, 
i.c , the benzene ring containing the — NOj group (electron deficient) 



NO? 

C„H,NO, 

remains intact. l-AminonaphthalciK. on the other hand, forms only 
phthalie acid, i.e., the ben/ene ring with high electron density is 
destroyed. 




O^.VjO^.iStf 



COOH 


COOH 


On the basis of these oxidation reactions it is concluded that naphtha- 
lene contains two benzene rings fused t. 'ether at the ortho jsositions 
and its structure may be written as: 



This structure has been confirmed by Its independent synthesis due to 
Haworth- 
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12.10 ANTHRACENE AND PHENANTHRENE 
The two title compounda are isomeric hydrocarbmis with the molecular for- 
mula CmHi,. They contain three benzene rings fused together in the manner 
shownbelow. Anthracene (resonance energy 84 kcal/mole) is approximately 
7 kcal/mole is less stable than pbenanthrene (resonance energy 9 1 kcal/mole). 



12.10.1 Preparation 

Synthesis of these two hydrocarbons can be accomplished in the laboratory 
in the following steps: 


0 



9 

Benzene Phthaiic anh>drjd< 






Anthracene 
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12 10.2 Reactions 

These two compounds undergo the following chemical reactions 

1 Electrophitic Reaction^' d Brommatum of anthracene oi phenanthrene 
takes place at the 9 — position 



Phenanthrene *>.Bror rhcnanihreoc 

The attack at the 9*position is favored because the aromatic sextets are 
preserved in two of the three benzene rings in the intermediate carbonium 
Km m both these hydrocarbons. The attack at position —10 may also occur 
for the tame reason. 

There is ateo a tendmtey for addition to take place in both of these 
hydrocarbons, particularly phenanthrene. 
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Phenanthrene 9,10— r)ibromo-9.10 — 

dihydroi^ndnthreae 


Chlormation of anthracene in CSj also leads to the introduction of chlorine 
at po$ition>9. 

b. Nitration takes place at the 9-positlon, while sulfonation yields a 
mixture of 1- and 2-isomers. 



MN03,<CH3CO)20 



Anthracene 


9— Nitroanthraceno-, 



Anthracene 


W)}M 


OH 










SOjM 


j — Anthraccnesulfonic 
acid 


^.-.Anthiacenesulfonic 

acid 


2. Oxidation: Both the hydrocarbons arc less resistant towards oxidation 
than napfatbaienc and readily form 9,10-quioone8 on oxidation with potas- 
sium dichromatc in sulfuric acid. 



Anthracene 



9.10— Aothrwpiliione 

f\_r\ 


Phananthrane 


9,10— Phenaadinwii^eiia 



Aromatic llydrocarbuns 289 


3. Reduction: Sodium in ethanol reduces these compounds to 9,10-di 
hydro derivatives* 



Anthracene 


9 10 — Uih>droanthracene 






Phcnanthrcnc 


9, 1 0 — Dib> drophenamhre nc 


4, Diels- Alder Reaction: The 9, lO-positions ai^, verv reactive in 
anthracene because it undeigoes the H-A reaclu n with maleic anhydride in 
09*\, yield, anthracene act< as a diene and adduct fornvition occurs at the 
9, 10-carbon atoms. 



Anthracene. 


CH 

)l ^ _J=L— I 

Ch IT 

A)( 1, 

An rfdd'Kt 



This method can be u^cd to punfy anthracene. The adduct is tccrystallizevi 
and then decomposed to obtain pure anthracene. 


12.10.3 Strocture of Anthracene 

The structure of anthracene has been deduced from the following information: 

1 From analytical data and moleculat weight determination the mole- 
cular f 'fmula of anthracene is obtained to be 

2 Naphthalene undergoes halogenation, nitration and sulfonation like 
benzene and naphthalene which sugc'^sts that it is related to these 
hydrocarbons. 

3. On bromination anthracene forms mono bromo anthracene (Cj^H^Br) 
which on fusion with KOH yields bydroxyanthraccne (C, 4 H,OH). 
This latter compound on vigorous oxidation affords phtbatic atid and 
a small amount of u— bcnzoylbcnzolc acid 


Br KOir 0x1 

► C„H,Br ► 
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C ^COOM 

K 

^COOH 

Phthalic acid «> — Ben/oyibcnrcic .icid 

This confirms the piesence of ben/enc rings in anthracene anJ a skele- 
ton of the folloiRing type. 




This skeleton accounts for HC atoms anil In order to accommodate lOH it 
is evident that there should be three lings in anthiaccne The ccntial iing 
should have 2H atom> to give the structuto of anthracene .is icprcsented 
below; 



4. This structure has alrejilv been conliimed by itsindcpcndcni synlhcMS 

12.11 COAL TAR* 

Coal is a rock derived from wood and other plant tissues that flout ished 
several hundreds of million years ago Although coals arc sometimes 
described as foim of carbon, this is not sliiVtly true, they .irc usually 
intricate mixtures of complex compounds of carbon. Coals differ from one 
another in compositli'n and properties. Coal fai is a heavy dark liquid 
containing a complex mixture of organic compi unds ft is ol tamed by the 
destructive distillation or carbonization ( I000-1400*C) of coal. The primary 
product of carbonization of coal is coke while the secondary product! are 
coal tar, heavy oil, ammonia liquor and coal ga.s. (Joal tar has been sliown 
to contain approximately 93^, of carbon. 4.5'^ of hydrogen and small 
amounts of nitrogen, oxygen and sulfur. It is a principal source of aioitatic 
compounds of all types and more than 300 of them have been isolated. 

The process of obtaining of coal tar involves thermal decomposition of 
coal together with distillation. When coal is heated in a temperature range 


*rxcei»ive cooiact of skin with coat tar Is harmful as it ins> cause cancer be- 
cause of the careenogenk compounds that H eoatalns. 
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of SOO-TSO" it is calleti low temperature carbonization md when heated above 
1000'’C it IS high temperature carbonization. The interest in low temperature 
carbonization centers chiefly as the amimni of tar produced in this case is 
3-5 times more thin that obtained from high tcmpciaiurc carbonization. 
Furthermore, coke obtained in low tcmpciature caibnnization is used as 
smokeless fuel for home hextting purposes. A large variety of compounds 
decompose at high tempciature and collect as a mixture called coa! tar as 
shown in the schematic diagram below 

foal 

i 

Hoi \olatj|e products 

fU.hl»lc t]Kouyh V Mc* 

i '■ . 

Insoluble t.'<>ndcn<icd liquid 

(vodi pas, tl"„) 

; ■ i 

I pper .ujucou' laser tosscr sistous User 

( il liquor. S Ul” i (t'oal i r, 4-5“ i 

The gaseous pioductsarc termed asm// tjuv and the lesiduc which is pre- 
dominantly caibon is known as loki, it finds use in the steel industry. 
.Most of the co.il (ar produced in India is used citlnr io m.ike road tar or 
l)uint as fuel in the sfctl in histis. 

I ractional Dnti/lation of Coal far The constituents of coal tar are 
sepaiatcd by fractional distillation. These are then purified accsirding to 
need The pioperties and eonip.\sition tf coal tars arc materially influenced 
by the type of coal caibonized, the reaction temperature U» which the tar 
vapors aic exposed and the lime of expo'iire. The primaiy products consist 
mainly of pa I a ffin Indrocaibons. olefins, naphthalene, phenols and aw'ide 
variety of sccond.iry piudacts C hemical changes usually de\scribcd as 
cracking and polymerization aNo occur duiing distillation and the greater 
these changes, the lower the yield of oils distilling below and the 
higher the yield of icsidtial pitch. Topical fra^oonv taken in a continuous 
coal tar distillation aic given below: 

I. Ught Oil or Ctude Naphtha (up to 200“1: It is the first fraction It is 
vrashed with cold sulfuiic acid to remove pyridine and other basic materials, 
used in the synthesis of rubber, chemicals and m dyeing industry; and then 
with dil. sodium hvdro.xid* to remove phenol, crcsol. xylol, etc., and finally 
with water. It U then subjected to redistillation to obtain the following 
refined products: 


\ 

Solid residue 
icokc ■’O’,,! 
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a. 90“a (90-110*): Compounds distiiUng below 90* constitute 

carbon disulfide, cyclopeotadiene. etc. Cyclopentadieoe is used in the mauu* 
facture of insecticides like aldrin and dialdiin. The 90% benzol fraction 
consists of benzene and toluene but predominantly (70%) of the former. 

b. 50"^ Benzol (HO 140*): Half of this fruction (-^ 5 * 0 ) contains 
benzene alongwith toluene and xylone 

c. Solvent Naphtha (140-200*): It contains xylene and mesitylene. 
These hydrocarbons arc used in dry cleaning, as solvents, dyes, in the drug 
and perfume industry and in timber preservation. 

2. Naphthalene Oil (200-250*): The fraction contains naphthalene and 
phenol. On cooling naphthalene (m p. 80*) crystallizes out and is separated 
by centrifuging. It is then purified by sublimation. It is used in the manu- 
facture of dyes, explosives, and phthalic anhydride The mother liquor is 
treated with caustic soda followed by dil sulfuric acid to regenerate phenol 
which is used extensively in plastic and resin industry 

3. Heaxy Oil (250-100*): No other chemicals are isolated fiom this 
ftaction. Most of the •''il ts cicosote blends. 

4 Anthracene Oil (300-35(f): Principal constituents <»f this fraction .ire 
anthracene (12-25*.) and phenanthrene (20-35“u). These .ire used in the dye 
industry The residue of this distillation In the coal tai pitch 

5. Pitch: This i-, the black residue left after the distillation of tar and i» 
called pitch It exhibits changes in viscosities with changes in tempeituie 
Its properties can be msidified by the addition of oils oi soKcnls or by 
further polymerization It finds minor uses in binders, adhesives and 
protective coatings in the shipping industry. 

Creosote: Coal tar distillation produces, as part of the operation. ,i 
number of residual oils, namely naphthalene, dram oil. wash oil heavy oil, 
etc and creosote is one of the heavy tar tills. It is used to protect objects 
such as telephone poles and railroad tracks 

Road Tar: Road tar is generally made by mixing soft 01 medium pitch 
with a mixture of wash oil and heavy oil of required viscosity according tti 
the Bureau of Indian Standard requirements. 


QUESTIONS 

12 I Arrange the following compounds In order of decreasing reactivity 
towards eiectrophitic substitution: 


C,H,OH. C*H,OCH,. C,H.. C,H,NO,. C,H,CH, 

12.2 Draw all the postnble structures of the aromatic compounds with 
the fonnula CtHu containing a benzeriC ring. 
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12.3 If the rings of each of the following compounds were nitrated where 
would you expect the nitro group to enter (there may be more than 
one positions); 


OH 



NMJ OH 


12.4 Write a mechanism for the chlorination of benzene in the presence 
of AlCi, ..3 catalyst. 

12.5 Explain with the help of a potential energy diagram how sulfonation 
of naphthalene under different conditions can lead to different pro- 
ducts. Label the appropriate features of the diagram. 

12.6 Complete the following reactions: 


a ■ 



CM? 


BL. 
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e 


f 


S 


h 


i 


12 7 A, B «m) < .no tlinf im inein. dcns.itsvus ot he’v^.n^. 

KlcnUfv whtch lyorthu.nula oi parafr-m the puHlutls « 1 nili.iSion 

{ o V HNv>j 

tw»' Piununitr > pn Jucts 

( O'K HNOj. 

B - thiee mooonitio pt dutl". 

< .'.K. UV , M SO, 

C one m motiitio prudatt 

12 H Dcvcriljc the neecxsarj u‘!i(litu>n'»a»c} ic.igtiiU icquiree u vunvert 
bcn/cnc into the follow ip*! 

NuroK'n/Aiic, tthjlb 'ijzcoc, ey^lohcxan,.. benAtldchsde chtmo- 
benzene, /-hutylbcnzine, avelophenonc and bcn/ojc atid 
12.9 \\oukl you expect m-diofirohcnMne to undergo broinination v,i{h a 
haiogtn carnet rapidly or ilov^ly Why? 

12 10 A hydrocarbon tAl of molecular formule C,H|«addschlotinf to 
give (Bh t •H;,«Clt Hydrolysi* of (B) give* (C), Oxidation 

of (C) give* t*u actd4 which are idctittfied as bcivoic acid and 
accuc ackl f.xplain the leacliona 

12.11 Compound! A K C,H|o yields two mononitro nuclear suh.stitti(ion 
producU(Ak on oxidation yjeldt{d), C\H«0| which also give* tvio 





— --- 




9 aktk 
CHCC t - 




B'2 

I 


'•6"'6 *■ 


'll 


hF 


C 






+ 




T' 
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mononitro nuclear substitution products. Wiite the structure of (A) 
and explain the reactions. 

12. 12 How will you convert naphthalene into: 

(i) Anthranilic acid and (ii) 2 — Naphthyl— 1, 2 — propanol 

12.1.^ a. State lliickel rule. How can it be used to justify the aromatic 
character of benzene, naphthalene and anthracene? 
b. How arc the relative positions of the methyl group in diffcicnt 
xylenes established? 

12.14 How will you prepare naphthols from naphthalene? What is the 
action of chlorine on naphthalene? 

12 15 How do you account for the fact that phenol is more easily attacked 
by electrophilic reagents than nitrobenzene? 

12. 16 Discuss the structure of benzene in terms of orbital and resonance 
concepts 

12 17 How is anthracene prepared? Discuss its piopcrucs and uses. How 
{.> alizaiin obtained from it? 

12.18 a Sfat'' the evidence on which the structure of naphthalene is based, 
b How arc B*naphlhol, a-nitronaphihalene and B-naphthalene- 

sulfonie acid prepared? 

12. 19 l.xpluin the csperirncntal observation leported below: 

•so’ 

-> Naphthalene— 1— sulfonic acid 


Sulphonation 
Naphthalene • - . - 


160 " 

' Naphthalene — 2 — sulfonic acid 

1 2 20 Compound A and B arc isomers having the formula CjHjo. On 
oxidation A gives benzoic acid Mhiic B gives phtbalic acid which 
foiinsananhydrideCon heating. W'ritedown the names and struc- 
tural fivimuias of A, Ii and C. Explain the reactions involved. 

12.21 Establish the stiucturo of benzene. 

12.22 Discuss the constiiution of naphthalene. 

12. 23 Nitration of ti'lucnc is easier than that of benzene. Explain. 

12.24 a. How is bcii/enc obtained from coal tai? 

b. How does benzene react with tne following? 

(i) Cone. H,SO* (ii) Chlorine, AlClj(ui)Conc HNO,, HjSO*. 

12.25 a. What do you understand by electrophilic substitution in the 

benzene ring? 

b. Discuss the oiienting influence of the following groups on 
substitution in aromatic compounds by electrophilic reagents; 
— NH„ — NO„ -Cl. 
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12.26 Wbat do you understand when one says that the cyclopentadiene 
anion is aromatic? 

12.27 Halogens in halobenzcnes are deactivating but ortho^ and para 
directing in electrophilic substitution. Explain. 

12.28 Offer explanation fbr the following observations : 

a. Toluene requires lower temperature (30*) than bciucnc (.55*) 
for nitration. 

b< Chlorobenzene is toss reactive than benzene. 

c. /'Butylbenzcnc is more reactive than toluene towards electro- 
philic substitution. 

d. The Cl — C, bond distance in naphthalene is shorter than 
Cj"-“Cj bond. 

c. Nitrobenzene is used as a solvent in ccitain Friedel-Crafts 
acylations 

f. Aniline docs not undergo the Fricdei-Craft reaction though 
— NHj group is electron-donating. 

12.29 What do you understand by aromaticity? Which of the following 
structures would be aromatic? Explain. 
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12.30 Make the following conversions; 

a. Beiucnc to binzamiUc 

b . Benzene to />-broinoben/yi chloi ide 

c. Lthyibcnzene to p-bromostyrene 

d. Bcn/cnc to m-nitrochlorobenzenc 
e Toluene to bcnzonitrile 
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Section A: ALKYL HALIDES 

Halogen containing organic Cumpviunds are called halogcnoaikancb. They 
have the general formula X «»r RX where R is any alkyl group 

and X rcprcbcnts a halogen atom F, Cl. Br oi I. These compounds undcrgi' 
a wide variety of reactions and constitute one of the most important inter- 
mediates in organic syntheses Veiy few organic halides ocein in natuu 
and they thus do not pose a serious environmental problem A majmit) of 
the halides are employed as insecticides and theie exists \iiiuall> no micio- 
organism which can Jegiade them into non-toxic nietabolit products 

I J. I NOMENCLATt RE 

Organic halides may be according to tiivialor II (PAC system of nomcncLi- 
ture. In trivial nnneoclatuie simple alkyl halides ate usually named us 
alkyl derivatives of the corresponding halogens The name of the alksl 
group precedes the name of the halide. 

CHaCi Methyl chloride 

C'H,CH,C'H^'HaBr /i-Butvl bromide 

CHU2 Cy' 

Bcn/ail thk>riile < >vlohc\>l ebionde ' — > luoro 

.According to the ll/FAC system the compound is named as a halogen 
derivative of a parent hydrocarbon, i c , as haloalkane. The chain is num- 
bered to give the halogen the lowest possible number. In writing the name 
the halogen is attached as a preftx \Jimro, chhro, bronto or todo) together 
with a number indicating the position of attachment to the caibun chain 

ch,ch/h.<5hI‘h, 



2 Chloropcntanc 
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CH/^HCHjCH^CHjCH, 2 (Bromomethyi) bexane 

Cn,Br 


Aik.>i balidcs may be classified mto primary, sccondaiyand tcitiaiy depend- 
ing on the numbei of alkyl groups linked to the ccntial carbon atom 

Primary (I*") CjH„Cl Ethyl chloiidc 


CH, 

\ 

Secondary (2'*) C’H-— Cl 

/ 

CH, 

<-n, 

\ 

feitiaiy (V| (.1 

<-.c" 


no Props 1 chloride 


t — Butyl chlo'ide 


13 2 Pin SK AL PROPl* RFIl S Ot ALKYL H VLIDI^ 

The allsl hUidcs iie insoluble in water >hough they irc more polar than 
alkanes. I hey ea in.'t foiin H —bond with watci and aie thus mviluble but 
aie soluble in oig.iaie 'olvenls as arc the airiespeinding alkane's \s a class 
the'y are mo e tleii c than alkanes Polyhalogcnated compounds ha\c hij.he*r 
b. limj, psint^ thin ill^anes ol the torrespmdiiig eaiboii chain 1 o' i gisen 
alksl gioup the boiling point mcicas.s with the iiuieasing aloinie ss eight 1 1 
the halogen 


R 

\ 

C 1 

Hr 

I 


lf> 4 

24 : 

> 6 

42 4 

1 H/ 11, 


12 ^ 

^8 4 


1 HlCH,), 

2 ^ 

4tt6 

0 

lo: ^ 


A tUioiide is the lowest bv linnt compound while an mdide. is the highe'st. 
f he C— -X bond distance nu 'e ise m going ftom tluoiinc to lOiiine bc'cause 
the bighci halogens are subst intially laigei than the Unset snes. 


(. ompoii id 


C— \ ik) 

< MjU 


1 

( ll,CI 


1 •*'84 

t H,Hi 


1 

( 11,1 
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The C — bond is polar because a halogen is more electronegative than 
carbon and the dipole moments of the various methyl halides have the 
following values : 


Compound 


“0 


tHjF 

1.82 

CH,ri 

1 04 

ctrjBi 

i 79 

C H,l 

1 M 


13.3 PREPARATION OF ALKYL HALIDES 

Alkyl halides may be prepared in the laboiatory b> the following genci.il 
methods. 

1. Hahgemtton of lf}iirocarh 0 n.\: C'hloiine oi bumiine teplaces 
hydrogen in aliphatic and alieydic hydiocatbons Picp»tration of oiganic 
halides b) free radical h.ilogcnation of hvdiocaib^’iis in the piesence of u\ 
light or peroxides as catalvst i' an impoitant industrial method In the 
laboratoiy organic halidcs aie obtained rhotochemic.illy. Reaction of 

hv 

C,H,CH, . Br, ► UBi 

Toluene ' Benzji bromide 

CL Clj Cl» I'l, 

CH, ► CH.Cl ► CHjC’l, CHCl, — > CCl, 

hv hv h; hv 

cbloriQC with methane prtKccd^ to form carbon tetrachloride in the pre- 
sence of sun-light. Chli>rt)form usually stored m tightl> capped amber 
bottles and is mixed with r;i ethyl alcohol to discourage (he formation of 
phosgene (COCl,), a highly toxic gas. 

Hydrocarbons containing allylic carbon chain can alternatively be bro- 
minated by refluxing with N-bromosucctnimide (NBS) in the presence of 
bmzoyt peroxide, which acts as a radical initiator, 


CHjCh 


•CH * ♦ I 

- ^ ^ C 


CH?-C 


♦o 


CM^-C 
0 

NBS 


CH;— C.,Q 


Pwpaae 


Aiiyt bromlito 


Suociaimide 
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Mechanism: 

N'Bromosuccinimido is insoluble in CCit but it ptuvides a constant but 
very low concciitiation if binminc by reacting with VlBi formed in the 
substitution reaction. 


HjC-C ^ 

^ I ^ 


JNBr ♦ HB 


H?C C^^"CH2'Or 
CmjCM Hp» B*-:? 


K 


Pf __ 


”2 


w 


”2C 



H2C— C 



NH ♦ Br2 


28f‘ 

■CH 2 CH • CH^ ♦HBr 
BrCH2CM= CH^+Br- 


Mlylic chlorination inav be effected by the following methods 

•tOOC'" 

CM, ^ CHCH„ + Cl, > CH, = CHCH,C1 + HCI 

hv 

CH, « CHClf, 1 - SO,Clj ► CH, - CHCH,CI + SO, + HCI 

Fluoi«> hydrocarbtins cannot be piepared by direct fluorination of alkanes 
because an explosive icaction takes place 

2 From Alcohol^: Another important method of synthc ii/tng organic 
halides utilizes ulcsshols as the >tartiiig material. Vatious reagents such as 
PCi,. PBr, and SOCI, form halides by replacing the — OH group. 

PBr, 

3CH,(CH,),CH2011 ► 3CH,(CH,),CH,Br r H,PO, 

Octano) reflux (>ciyl bromide 


PtI, 

C,H,OH »■ C,H5C1 + POCI, HCI 

I thanol reflux I thyl 

chloride 


StXI, 


C,H,CHCH, - -> C,HsCHCH, * HCI + SO, 
( Pyridine 1 

OH Cl 


l—Pbenylclhaaol I— phenyl— 1— 

ehlurocthane 
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The three hydiohalogcn acid-» HI, llBr aiui Hf"! aUo icait with akoholN 
but at diflercnt rates, i e . HI > HBr > HCl 

Hi. a 

CH,(CH,)<CH»OH V CH,(CHs).CH,l 

Hevanol 1— lodohexane 

With pnmaiy alcohoK hydroiociic acid icacts most readily while hydio- 
chloric acid icquircs /jiic chloride as a catalyst and hydiobromic acid dis- 
plays an intermediate reactivity Furtheimoie a teitiaiy alcohol leaits moic 
rapidly than a secvmdary which in tuin reacts faster thana pi unary alcolud 
3. Addition of Hydrogen HaltdiS to Alkvm sand \lkynes Ahalogioup 
can be introduced into an alkene or alkvnc by the addition of a hydnigen 
halide to foim an organic halide I his also constitutes an mduslrial meth -d 
for their manufactuie 


Hi 

H.<' = (. H, ► ( H,t H,l 

Ithylene tihv' iodide 

In the case of unsymmctiical olefins the icaction proceed' in accoulance 
with MarkownikofTs rule The reaction of hvdrogcii haluLs with alkvncs 



Cl 


Styrene 


\ — Phenv 1 — I — CTiloroc 



HF 


yields ^inal halides. 



HCsCH I 2HCI 


H Cl 

1 i 

-> HC- ( H 


Acciylciie 


H Cl 

Ethylidctic chlorido 
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4 Addition of Ilalogi'ns to ilkems Dihalidcs are farmed by the addi- 
tion of halogens to alkcncs 

llhyicnc 1 2 — Dichlorocthane 

or 

1 lh>lene chloride 

5 /lunsduckir Reaction This method requires refluxing t)f the 
alver salt of the carboxylic acid with bromme in < CI4 It is particularlv 
Useful for preparing bridgehead halides bteau'-e the reaction proceeds mu 
a flee 1 uiical and a bridgehead free raduai h is been shoVMi to be possible 



I — Bromohicxclo (2.'‘ IJ heptane 
or 

Norhornsl nronude 


The >ields in this leaction aic usually low 

6 f luotinafion of lf\drocuthom Reaction of hsdiocarhons wiMi cle- 
nuntal fluorine o uns iitsfaciors as it icpiaccs all the Indroiicn atiirn^ 


Co} 

C H,C. Ii,C H, ► U ,C1 ,CI 5 - CoF, + HF 
IVopiiu Ptrlluoroptopanc 


\ single fluoTinr may replace chloiinc bv heating an almhatic chloride 
with KI in diethvknc ghcol 


K} ^ 

HO(lI,(CH,)«( H,('l — HO<:TMCJU),CH,ri KCI 

lO — ( hloro — I — dctanol U) — 1 fiioio — 1 — dccanoi 

JJ4 REACTIONS OF VLKYL HALIDES 

I One of the most impoitaiu and widcl> investigated reactions of alk.>! 
halides is nucleophilic substitution The halogen atom can be displaced b> 
a variety of nucleophilic reagents to form useful products Sc'me representa- 
tive examples are given below. 
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RX 


OH- 

ROH 

(alcohol) 


OC,H,- 

ROC, 1 Is 

(ethei) 


OAc- 

ROAc 

(ester) 


CN- 

RCN 

(cyanide) 


NH,- 

RNII, 

(primary amine) 

SH- 

RSH 

(thioalcohol) 


HCs?C-Na"- 

» 

1 

RC^C -R 

(alkyne) 

C.H.O- 

ROC.H, 

u-ihtt) 

~ ‘o " 

V 

O 

R M 

(nitroiMToffin) 


. V 

CV*sNHjj 

— — - — ► 

C,H, 

\ 

NH 

/ 

R 

(secondary amine) 

NT ^ 

RN, 

fa/idc> 

CN 

- / 

CH 

\ 

COOCjHj 

— ► 

CN 

RCfH 

\:ooc,Hj 

(cyanoacctii ester) 

CfX)CH, 

- / 

CH 

\ 

COOCH, 

— * ► 

COOCH, 

\ 

OOOCH 9 

(aobstituted 
roalnnic eater) 
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2. GrignarJ Reagents: Alkyl halides form Grignard reagents on 
treatment with magnesium in dry ether which find their own series of uses 
in synthetic organic chemistry. -Thus etbylmagnesium bromide is obtained 
by refluxing ethyl bromide with magnesium turnings in ether. 

Dry ether 

QH^Br ( Mg ». C.HsMgBr 

Ethyl bromide Etbylmagnesium bromide 

3 iVurtz Reaction: Symmetrical parafiinic hydrocarbons may be prepared 
by treating alkyl halides with sodium and refluxing in a suitable solvent. 


2Na 

2CH,CH,CH,Br ► CH,CH,CH,CH,CH,CH,+2NaBr 

Solvent, reflux 

Propyl bromide Hexane 


4 Friethl Crafti Reaction . An alky] side chain can be attached to an 
aromatic ring by the l-ricdel-G rafts reaction. 

Aia, 

(„H,-CnaC.I — ► C,H,CH, 

A 

Benrene Toluene 

5. nchydrohalogenation : In the presence of an ^coholic solution of 
KOH, HX Is eliminated from an organic halide to form an unsaturated 
product. 


.Me KOH 

CsMjCHCH, ^ C„HtCH=CH, 

Cl 

l-Phenyl-l- Styrene 

Chloroethanc 

6. Reduction: Organic halides are reduced to hydrocarbons in the 
presence of hydrogen and Ni as catalyst. 

Mi 

C,1M+H, ► 

7. Reaction with HNO^ : Chloroform with nitric acid forms chloropicrin. 

CHO, i MONO* ► CCljNO, i H,0 

Chloroform on boiling with aq. sodium hydroxide solution forms sodium 
formate. 


CHCl,4.4NaOH 


HCOO-Na++3NaCI * 2H,0 
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Oxidation (exposure to air and sun light) of chloroform converts it into 
a poisonous gas phosgene. 

2circi,4 0, ► icbci, i2Ha 

13.5 USES OF ALKYL HALIDES 

Chlorinated hydriKarbons are very giwd solventi foi non-polar material. 
Methylene chloride and chloroform dis<.olve old paints. Carbon tetrachloride 
is used in dry cleaning as it dissolves oil and grease. Freon (CC1,F,) a 
fluorocarbon is used as a refrigerant fluid. It is a non-toxic liquid. 

13.6 MECHANISM OF NLCLEOPHILIC SUBSTITUTION 
REACTIONS 

A substitution reaction may be described as one in which a substituent is 
replaced by another A nucleophile (Y") attacks the carbon atom bearing 
the group to be replaced called the leaving group (L). It may be depicted 
as follows : 


Y- C L t Y ‘ L 

I 

The leaving group departs with its pair of bonding elections Some examples 
arc described below • 

V4ucou> KOH 

CH,CH,CH*CH,Br ► C H^Tl,C H,C’M,OH ^ 

< *H,OH 

C n,<'H,CI 7 -OCjH,- — - ' - CH/ Hs(K’,n 

alcohol 

( «H,CH/:i fC N- »■ ( ,ll.Clf/ N 

These reactions have been classified into two types called S.vl and S/v2 by 
Ingold and Hughes. 


13.61 The Sm 2 Reactkm 

The Inmolecular reaction is designated S}<2. Consider the reaction between 
a primary alkyl halide, methyl brsimidc and hydroxide ion to form methyl 
alcohol. 


OH' 


'-xl 

h C Sr 


HO C H 4* Bf- 


M H 

The reaction takes place by a coilivion between the hydroxide ion and methyl 
bromide molecule, therefore, the rate should depend on the concentration 
of both these reagents. This is found to I c so and the reaction complies 
with the following rate equation. 
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Ratc»A^JCH,Br]{OH-] 

In other words, it is a second order reaction, i.e., both the reactants arc in- 
volved in the slow step of the reaction. The nncchanism of the reaction may 
be formulated as follows: 




\ /" 

I ■ \ / v 


Transition state 



MO — Cw«***H 


♦ 


Bf~ 


The hydroxide ion attacks the carbtsn atom bearing the leaving group from 
the Kackside and the bromide ion departs from the opposite side. At the 
transition state both the OH * and Br~ ions are only paitially bonded to 
the central carbon atom which attains a cofdanar configuration. The final 
result is the ♦’ot ..'.alion of a new covalent bond between the hydroxide ion 
and the carbon atom with the ioss of the bromide ion. 

Energy must be supplied to the reactants before they reach the transition 
state and the greater the amount of energy that must be supplied to the 
system in order for the reaction to take place, the .slower is the rate of the 
reaction. 

It has been observed in an S.v2 reaction that if we start with an optically 
active organic halide of known stereochemistry and optical rotation, the 



Fig> 13.1 Potential energy diagram for an S^l proeeu 
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product obtained has the opposite configuration. Thus (~)-2-broinooctane, 
f«]=34.6‘* (I00°o optical purity) on reaction with sodium hydroxide forms 
(— ^i-twtanol. [«} - 9.9* (also 100“,, optical parity): 


^^11 ^Cs»u 

H»^C-Br HO-C— H 

HjC ^*^3 

( — )-2'BromOiM;tanc (-f )-? Octnnoi 

lal--34 6* (a) +9 9" 

The enantiomer of 2-ocfanol has an optical rotation of {«]==— 9 9“ This 
result indicates that pure 2*4.'ctanol of opposite rotation is obtained and 
hence there ha been no loss m optical activity. The bydioxyi ion thus docs 
not occupy the same position vacated by the bromide ton. The change in 
configuration may be pictured as the molecule turned inside out like an 
umbrella In a storm. The reaction as a result proceeds with inversion of 
configuration This stercochemistiy thus indicates that the nucleophile 
makc9 a rear attack in an 8^2 substitution and expe's the leaving group 
from the front. The result of such an attack is to flip' the other thice atoms 
or groups from one side of the cartxsn atom to the other. J his piocess is 
known as * Walden inversion". 

Usually a strong base will bring about this change more readily than a 
weaker one There is, however, no parallelism between basicity and nucico* 
philicity. a relative base strengths of nusleophiles is I- < Hr < Cl“ < 
C H,rOO- < C.N < OH- < OR- < NH," < C H, . Among the halogens 
the basicity decreases in the order F > Cl* > Br >l but tbenucleopbili- 
city IS reveise. Basicity is concerned with the extent of coordination of a 
ba-iC with a hydtogen atom while iiuclcophilicitypei tains to the attack of 
a nucleophile at the caibt n atom For a nucleophilic reaction to be success- 
ful, a useful generalization is that the nucleophile must be significantly more 
basic than the departing group The rate of an SaiI reaction is independent 
of the polarity of the solvent 

Since a nucleophile attacks the ccntial tarbon atom from the back^side. 
It is anticipated that the reactivity of an alkyl halide will be altered by a 
change in its structure It is observed that replacement of hydrogen gtoms 
for alkyl groups hinders the approach of the nucleophile and thus afi S/«2 
reaction is subject to sterk hindrance The reactivity of alkyl group! thus 
follows the order primary > secondary > tertiary, i.e., a tertiary halide is 
the least reactive in an reaction. The effect of substitution on the 8^2 
reactivity for the following reaction is given in uditch R ia varied. 


R,CCH,Br hC,H*0- - 


R,CCH,OC,H» + Br- 
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Compound 

^-R 

Relative Rate 

CH,CH,Br 

H,H,H 

1.00 

CHjCHjCH.Br 

CHa.H.H 

0.28 

(CH,),CHCll,Bi 

CHa.CHj.H 

0.30xlO-» 

(CHs)»CCH,Br 


4.2/ 10-» 


Thus the S/v2 rate decreases enormously as the substitution at the ^posi- 
tion increases. A hindrance in the rate of a reaction when bulky groups are 
present in the vicinity of a reaction site is known as sterie hindrance. 

13.6.2 The Sjvl Reactioo 

The unimoiccuiur reaction is abbreviated S/vl- In contrast to a primary 
halide, a tertiary halide viz. t>butyl chloride undergoes substitution to form 
/•butyl alcohol by a unimotecular process. 

HOlt 

(CH3),CCI ► (CHACOH - 11*+ Cl- 

The rate of the reaction depends only on the concentration of the alkyl 
halide and is independent of the concentration of the added nucleophile. 
The Sjvl reaction thus follows the following rate equation: 

Rate «= A,t(CH,)jCCI] 

Since the nucleophile in this case is a molecule of the solvent this reaclkm 
is also called solvolysis. 

The mechanism of the reaction must involve two steps. In the first step 
the halide ionitws to form an intermediate carbocation in a slow step which 
then readily combines with the solvent or the added nucleophile to form 
the products. 


H,C 

- Cl 

' / 


stow 


HjC CM, 

V/ 

c 4- a* 

I 

CM, 


Step 1 
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Step 2 



^3C, 

CM 

MjC 



Although it might seem that the addition of a nucleophile, i.e., a OH” ion 
would affect the rate of the reaction in step 2, but this vtep is so much 
faster than step I that the effective rate measured is that of step t, i.e , the 
ionitation step. The intermediate lies at a relative minimum on the potential 
energy diagram and the process will have two transition states as shoisn in 
Fig. 13.2. An intermediate is a species of relatively high eneigy content 
compared to the reactants. 



kiS. 13.2 Potential energy diagram for an Sjvt process 


The stereochemistry of the S^l reaction is more complex than that of 
the S/v2 reaction. The S/yl reaction of an optically active substance, say 1- 
plieQyl-l*ethyi chloride proceeds with essentially complete raccmi/ation. 
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This may be rationalized from the structure of the intermediate. A carbu- 
cation is planar, i.c., jp* hybridized, therefore, the solvent molecules can 
attack it from either side to form the product. If the attack occurs from the 
opposite side of the original carbon-halogen bond then inversion results, if 
the attack occurs from the same side as the otiginai carbon halogen bond, 
then the reaction is said to proceed with retention. In general a nucleophile 
may attack a carbon from either side with equal probability and thus give 
equal amounts of inveision and retention products. The reaction, therefore, 
prtK’ccds with the rucemization of the products. In the above example the 
asymmetry of pure I'phenylethyl chloride is lost in forming the symmetrical 
intermediate. This reacts with the solvent to produce an equal amount of 
isomeric l*phenyicthanoI and with the loss of resultant optical activity or 
racemic 1-pheiiylethanol. In summary, starting with an organic halide of 
known stereochemistry the product obtained is racemic, i.e. the product con- 
sists of a mixture of two enamiomers of equal and opposite optical rotation. 
This result serves as added conlinnation of the S/^1 course for the reaction. 

The ratc-dctermmmg step of an SaI leaction is the formation of the 
carbocalion. Therefore, the ease of the leaction will depend entirely on the 
stability of tins ion. This, indeed, is tiue and the order of reactivity 
among organic halides deci eases in the <irdcr: tert > seiondary > primary. 
The primary alkyl halide, s seldom hydrolyze by S.vl mechanism. Further- 
more, since a pulai ization of the carbe-n- halogen bond takes place in the 
slow step, the alkyl halidcs display the ft'llowing reactivity order; RI > 
Rllr > RCi > RF'. This order is the same for Sa» 2 reactions and is consistent 
with the bond strengths of the alkyl halides. The stability of the carbocalion 
is alfceted by changes in the structure of the halide. Thus, the ionization 
of I -chlurobicyclo [2.2.11 heptane is prevented by the geometry 



of the molecule. The catbocation. if produced, cannot attain a 
planar conligu ration; as a result the S.vl reaction of this compound is 
extremely .slow. In contrast ally! chloride shows a high reactivity. 

Aq. acetone 

CH, CHCHaCl CH, -CHCH.OH 

This reactivity is attributed to the stabilization ofthc intermediate allyl cation 

-1 ►CIV— CH=CH, 

The molecular orbital representation of the cation looks as follows. Vinyl 
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chloride, on the other hand, docs not undergo Siv2 displacement because of 
the 7 e>orbitaI overlap of the double bond with a lone pair of the halogen 
atom to give a partial double bond character. 


H^C^CHCl .« > H,C— CH=a 

Vinyl chloride 



The ioni/ation of the carbon-halogen bond is also influenced by the polarity 
of the solvent and S;v I reactions are fastci in more polar solvents such as 
water, alcohol, acetic acid, acetone, etc. The solvent molecules, due to 
solvation, stabilise both the anions and the cations. NVatcr is probably the 
most effective solvent. A metal ion %uch as Ag'^ which has a strong aflinity 
for halide ion exerts a powerful influence in the formation of a carbonium 
ion and thus enhances the rate of hydrolysi<i 

RX Ag*NO,- ► R- ‘ AgX f NO,- 

ppt 

Secondary halides iic on the borderline and undergo substitution both by 
Sivl and S«2 mechanisms One mechanism, however, may be excluded at 
the expense of the other by changtog the experimental conditions- Thus 
strong nucieophiies favor 8^2 while weak bases favor S/vl reaction; 
2-chlorooctane reacts with a strong base (ethoxidc ion) by the 8^2 process. 

13.7 EUMINATION REACTIONS 

Alkyl halides have the tendency to produce more than one product in die* 
placement reactions- Such products ate obtained by the concurrent oedur* 
fence of another important class of reactions known as elimination. These 
reactions a>iistitute a general method for the prepanititm of alkenes uoder 
appropriate conditions. In an elimination reaction two atoms or groups are 
lost from adjacent carbmi atoms to yield products cootaining a C- C or a 
CasC bond. Some examples are cited below: 
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Ale. KOH 

CHaCH,CH,Br 

Propyl chloride 

Ale KOH 

GHjCHgCl ► 

Lthyl chloride 


CH,CH-^CH, 

Propylene 

CHj CH* 
Ltbyicne 


C,HsCHCH,Br 

Br 

l,2-l>ibromo-l- 

phenyleihane 


NaNHj 

C.HjCsCH 

NHj 


Phenylacetylene 



Two types ot elimination reactions have been recognised and are designated 
El and E2 (E, stands for elimination). 


13.7.1 Bimolecalar Elimioatioo (£2) 

It IS the most common of the elimination reactions and occurs by the action 
of a base on an alkyl halide with the formation of a C»C double bond it 
is a second order reaction as the rate depends both on the concentration 
of the substrate and the base. In contrast to a displacement reaction, in an 
H2 reaction, a base abstracts a ^proton with the simultaneous displacement 
of the leaving group. The mechanism is depicted as follows; 


Oh 




HO— H 


\0 



t — C -t * ♦HON 

/ N 


The dotted lines in the representation of the transition state indicate the 
bonds which are in (he process of being broken or made- This process is 
also referred to us the ^elimination. 

Since a base attacks the proton, therefore, strong bases accelerate elimina- 
tion and strongly basic species like the sodium and potassium alkoxides arc 
used. A weaker base such as an acetate ion would not lead to appreciable 
alkene formation. The structural features of the alkyl halide are also impor- 
tant in an E2 reaction, and an increase of alkyl substitution atthes-position 
favors eiiminatjon over substitution. It may 1 m recalled that this order of 
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reactivity is the reverse to that for the S#2 reaction. Furthermore, a larger 
acidity of the p-H and a biyh temperature are also conducive to E2 reaction. 

A trans elimination process in which the atoms leave from the opposite 
sides is observed in most cases The reaction, in ottur words, isstcrcospcci- 
fic The reason for this may be that the bond orbitals of the two leaving 




/ l\ 



groups should be in the same plane, with ihc elections of the orbital left 
behind being located at the rear of those departing with the anion as shown 
above 


13.7.2 Monomolecular Llimination (El) 

'I his reaction is particularly common in tertiary hatides and takes plaec in 
the absence of a strong base. It is charactciized b\ a first order kinetics and 
the rate is dependent only on the concentration of the .substiatc I his suggests 
a meehanism similar to the Svl process. The reaction occurs b> a rate*con- 
trolitng formation of atarbonium ton by the heteroiysis of a C — halide bond 
in a polar solvent The earbocation so formed has two pathways available 
to it to stabilize itself. It can either combine with the solvent to form a 
substitution product via the S.vbreattion or can lose P~protun to yield an 
alkene This is illustrated for /-butyl bromide. 





SO'c ethanol 


tH, 

in, 


/^•butyl bromide 


CH, 

HOH.Sjyt I 

> H.C— C--OH+cther 

I 

Cfl, 

t — Butanol 


\ \ 

- iC- 


H,C 

fti>>-butylenc 


A mixture of the two products is usually ubiamed. 

As has been noticed, both El andSwl reactions have an identical slow 
step, therefore, a change m the uvncentraiion or the nature of the bate does 
not aflet^ the rate- In general, factors that lead to S,vl reaction would also 
normally favor El as well. Since a rupture ofthe carbon-halogen bond takes 
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place in the activation process, the rate among the halides decreases in order 
R — I > R — Br > R — Cl > R — F. Fuithermorc polar solvents speed up 
the rate of the reaction by stabilizing the cation. During dehydration of 

> CH,CH-CHCHj4-H*0 
2-Ru(ene (major) 

C'H,CH,Cn -CH, 1 lljjO 
i—Butene (minor) 

alcohols, rearrangement to a more stable carbocation takes place. This 
results in the formation of products not predicted on the basis of elimina- 
tion, This is evident from the dehydration of 3, 3-dimcthyl — 2 — butanol in 
which case 2,3— dimethyl— 2 — butene and 2,3 -dimethyl-l-butenc are 
obtained due to rearrangement. The third pr‘>Juct3,3— dimethyl— 1 —but- 
ene is the normal elimination product. 


11+ 

CH,Cn*C’HCH, 

OH 


CM, 

HaC-C — CMC H, 

I I 

CH, OH 


H- 


3, J— -Di methyl— 2— butanol 


(CH,),CH 

C=CHa 

I 

CH, 

2 3 — I3imcih\l — 1 — butene 

> (CHj),C:CH=CH, 

3,3 — L)imetli> I — I —butene 


-+ CH,C=CCHj 

i i 

CH,CH, 


2,3— .Dimethyl— 2 — butene 


13.7.3 Orientatlun in Elimination 

Tn a symmetrical organic halide the elimination of HX gives rise to a single 
alkene, for instance 2-chloropropanc forms l-propcne. 


KOH, CjU^OH' 

HaCCHCH, 

d'l 1 

/ao— Propyl chloride 


+ I C --CHCH, 
> HaCCH«CH, 


In many cases the elimination may proceed in more than one direction. A 
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mixture of isomeric alkencs thus results from an unsymmetricai halide as 
for instance, from 2-bromobutane. 


H,CCHjCHCH, 

Br 

2— Bromobutane 





H,CCH=.CHCHa 
3— Butene (ntajor) 

H,CCH,CH«CH, 
l—Butene (minor) 


The two alkenes are formed in unequal proportions, the more highly sub- 
stituted alkene being the major product ; Various .studies indicate that the 
elimination can be predicted by the Suytzeff rule (Alexander Saytzeff, I87S, 
University of Kazan. USSR). This rule states that the alkene with the 
least number of hydrogen atoms attached to the double bond is formed 
in largest proportion. 

The explanatioo advanced for the formation of the highly substituted 
alkene is that such an alkene is stabilized by an effect called hyperconjuga^ 
tion. This effect arises from the delocalization of cr-electrons of an alkyl 
group into an adjacent rc-bond. To understand this effect let us consider 
the ethyl carbocation. The following cannonical structures can be written 
for this ion. 


H 

H 

H 

H 

H+ 

H 


H 

1 

1 

I 

1 


1. 

1 

1 

H-C— C> < > H+ 

C= 

rC'^ H 

C 

C 

— ll-C 

-C-H 

1 

1 

1 

1 

1 

1 



H 

H 

K 

H 

H 

H 




in each of these structures the positive charge on the carbon atom has 
been dispersed after splitting a C- H bond and making a C=C bond. The 
hydrogen atom carries the positive charge but there is no bond betweet. 
the hydrogen and the carbon atom. For this reason, resonance of this type 
is also called no-boml resonance. Hyperconjugation is also stabiiizing though 
much less so than resonance. The electron-donating effect of a methyl 
groDp in toluene can similarly be explained on the basis of hypetconjuga- 
tion by drawing the following bypcrconjugativc structures. 



Organic Halogen Compounds 317 



Hyperconjugation besides predicting the stability of atkencs, has also been 
used in interpreting several other cxperimeatal observations. 

Sections; ARYL HALIDES 

Aryl halides arc those compounds in which the halogen atom (F. Cl, Br, 1) 
IS attached directly to a benzene ring. The aryl group in such compounds 
is denoted by the symbol Ar — to distinguish it from the alkyl group R— 
They diifcr from alkyl halides in many of their properties. The compounds 
do not occur naturally but are prepared industrially in la.'gc quantities. 

13.8 NOMENCLATURE OF ARYL HALIDES 

The simple ary! halides are named by using the halo atoms as pr^x to the 
word benzene 



rS 

A 




Bronoobeiueoe 

Chlorobenzene 

lodobenzene 

The three sabstituted 

isomers are differentiated by the 

use of ortho. 


and para. 
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Cl 

()— Dichlorobonrenc 



in— iJihromobe n«nc 



/^<~i)ifluoroben/enc 


Numbering, however, is needed when more than two halo atoms or other 
substituents arc present on the ring The halo atoms in the latter ease are 
considered as substituents 



13.9 PHYSICAL I*R<>PERTIE.S OP ARYI HAI IDES 
Aryl halides are insoluble m water but soluble in most organic solvents. 
The boiling points of cblorobenyenc and brt>moK'n/cnc arc similar to 
their (^n*ch3m counterparts, i c , n— hexyl chloride and n — hexyl bromide 
respectively But in the aryl halide series iht boiling points increase with 
the increase in the atomic weight of the halogens All raonosubstituted 
aryl halides possess a dipoic moment because of the more electronegative 
halogen atom. Chlorobenzene, for instance, has 1,76, the value is 

lower than that of methyl chloride » I 94) The difference is attrttiuted 

to two factors - first the tone pair on the chlorine atom overlaps the n-orbital 


1 * 0 " 


of the benzene ring and secondly because the C Cl bond in chloroben- 
zene may be represented as C\ while in methyl chlorWe as C„«- -Cl, 

Therefore, the higher s character of the tenzeoe carbon atom makes it 
dettron-withdrawing whidt lowers the dipole mdntent Ttie dipele momca* 
fflultiittbitituted benzene derivatives are cIom to the vector siMi of the 
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constituent dipoles Thut, for p-dichloroben^cne, the net dipole moment 
is zero. The two component C— Cl dipoles oppose and cancel each other 

13 10 PREPARATION OF ARYI. IIAUDl-S 

The following typical methods are employed for the preparation of aryl 
halides 

I Ilalogenalton Ciilonnation or broroination of benzene can be 
►affected in the presence of a halogen earner oi a catalyst, i e , a Le>sW acid 
The function of the catalyst is to make the halogen a better electrophile 

tcBr, 

C,Ha { Br. »-C,H,Hr HBr 

Bromcbcn/cnc 

Only brommation and chlorination is possible with aiomalic compounds 
In case of lodinatiun, the rescise reaction is luush faster than ludme 
substitution 


t 1.-; — *C.lf.l ‘ HI 

One device used to picvent the reversal of the lodination reaction is 
the use of lodmc chloride 

(’,11, Id — ► <%H,1 ► HCI 
Eicnzenc lodobiii/enc 

2. I'rom Dunomum Salts This is the most general mcthtxi used U) 
prcpaie all types of aryl halides. An arom.itic amine is /ir«t diazotized 
which then can be icacted with a metal halide to obtain as aryl halide. 

CuCI 

»-C,H,CI 

C\iBr 

> ( ,H5b. 

-L>C,H,1 

I H+Btf 

I 

A 

3. Hunsdiecker Reaction: Treatment of silver salt of benzoic acid 
with bromine yields bromobenzene. 


NaNO, HCl 

C.HsNH, ► C,H,N^ Cl- 
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Hr, 

C,^^<COO-Ag+ »• C,H,Br -[ CO, i AgBr 

13.11 REACTIONS OF ARYI. HALIDES 

Aryl halides behave different chemically than alkyl halides In many 
respects. 

1. Nucleophilic Displacement'. It was discussed in section A that the 
alkyl halides undergo nucleophilic displacement with typical nucleophiles 
with great ease. The aryl halides, on the other hand, react with great difficulty. 
Chlorobenzene, like vinyl chloride under normal conditions does not 
hydrolyze to give phenol. The reason for this unreactivity is that the n- 
orbital of the benzene ring overlaps with the p — orbitals of the chlorine 
atom to form a delocalized cloud of n-electrons with the result that the 



carbon halogen bond attains a partial double bond character This 
makes the a-bond stronger and it becomes ditficutl to displace the halogen 
atom Hydrolysis* may be achieved under rather drastic conditions, but 
teveral by-products arc also formed in the reaction as shown below: 

These pfixlucts are formed by the action of pbenoxide ion on , 
chlorobemrcnc 
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llic displacement of the halogen atom occurs rapidly if the nng is activated, 
i.e., electron-withdrawing groups arc present on the ring at the ortho or 
para positions Thus />-nltrobromobcn7cne reacts readily with a base to form 
/>-nitrophcnol Presence of a nitro group has an activating effect. 



/» — Vitrohromobenrene p — N'ltrophcnol 

The chlorine atom in 2»4,6-triiiituschloiobenzcne is displaced with a 
dilute base even at SS'T 

Sfechanism 

\n addition-elimination mechanism is involved in these substrates A 
hydroxide ion first adds at thecaihon atom bearing the halogen atom. This 
forms a resonance stabilized curbanton as shown below ; 
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4. Wurtz-FhUg Reaction : Alkyiaryl hydrocarbons can be prepared 
by heating an aliphatic halide with an aryl halide in the presence of sodium 
and dry ether, several by>products, such as ethane and biphenyl are also 
formed. 


C.HjBr + CHaBr — — ► 2NaBr 

ether 

5. UHmann Reaction • In this reaction a biphenyl is obtained by heat- 
ing iodoben/ene in the presence of copper. 



iodotKU/cnc Biphcn>l 


6. Formation of P. P. T : The most familiar insecticide. 1,1,1 — tri- 
chloro — 2,2 — bis — ( p—chloropheiiyl) ethane is obtained from the reaction of 
chlorobenzene and trichhiroacetaldehyde in the presence of catalytic amount 
of sulfuric acid. 


CI3CCMO 


Chloral 



C hlorobcnrcne 


H2S0<» 



7. Aryl halides react with ace tonitrilc in the presence of ammonia 
and sodium amide to form benzyl cyanide. 


NH,. NaNHj 

C,H»C1 i ni.CN ►C.HjCHjCN 

Chloro- Benzyl nitrile 

ben/enc tBcozyl cyanide) 


Mechanism 

The reaction proceeds through (he initial formation ofabenzyne. The anion 
of acetonitrile attacks thia intermediate in the manner shown below ; 
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8. Formation of irylltihmm' Tran<>inctallation of aryl hahdcN with 
n— butyllithiom results in the formation of ar>llitbium 

C,H,Br . ff-C,W,Li ► la , C^H.Br 

It — Out\ (lithium Pbenyllithium 

Like phenylmagnestum bromide, phcnyliithium on treatment with solid ( O. 
and subsequent hydrolysis yields bcn/oic acid. 

13.12 USES OF ARYL HALIDES 

Aryl halides arc used as starting matcriah for many organic syntheses 
Chlorobenzene is used to manufacture !> D T and as a soKci't in the 
laboratory. 

13.13 BENZYNES 

If sufficient strain is built into a molecule it can besome so unstable that 
it attains the character of a rc.iclivc intermediate A beii/yne is such an 
intermediate It is benzene minus two orthtt hydrogens and is thus alsti 



ben/yne 

r Dchvdrobenzene) 

termed as dehydrobenzvnt' I he triple bond docs not have the same Charac- 
teristics as in acetylene This intermediate may be generated by the follow* 
ing methods : 

From Bromofltiorobenzene 
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From Anthraniiic Acid 



From Phthaloyl Peroxide 



Bcnzyncii undergo many interesting reactions. A benxyne functions as a 
icactive dienophile in the Diels-Alder leaction. The adducts is obtained are 
valuable synthetic intermediates, as tilustr'>ted by the following example. 



pf:si'icii)ks 

Because of the enormous increase in the world population, the demand for 
food production has increased. Much success, no doubt, has been achieved 
in this direction by the use of chemical fertilizers, adapting better forming 
techniques as well as educating the fanners. In spite of these cITorts, a large 
part of the crops around the ivorld is destroyed by pests. This is a highly 
undesirable aspect considering that thousands of people go 'Vithout food 
daily. In ddditiun to depriving man of foou, pests destroy clothing, books 
and furniture; transmit diseases; and are a source of nuisance to man. The 
problem of pest control has been a serious problem since prehistoric times. 
Pests are nowadays being destroyed by .spraying chemicals* and pesticides 
are chemical agents that kill and prevent the growth of pests. The terra i«- 
seetkide is used to mc'w* the chemicals that kill insects. Alistv)f commonly 
employed chlorinated hydrocarbons which are used as insecticides is given 
below: 
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D.D.T. 



Aldnn 


Chioradanc 



H2CO 



DDT vias first synthesized in l»74 It is a white powder insoluble in water 
but soluble in oils It is used as an insecticide for sugar and fodder crops 
to kill mosquitoes and other insects It is decomposed by iron and i<| not 
packed in iron containers. DDT is the most widely used insecticide in 
countries around the world It, however, has its own ecological proldcfos 
as it is not biodegradable. This fact Mcms to have been corroborated by 
the ai^arancc of DDT in fish and Other aquatic animats which arc kon* 
sumed by human beings. Several slndies seem to show that DDT intetferes 
with the human reproductive qrstem by dtsturbing the metabolism of sex 
hormones. As a result, the use of DDT has been limited in several western 
coitntries. in poor nations of the world, however, the bcaeflta appear to be 
more substantial than the risks involved, DDT t$ cheap and hfti a nmark* 
able cffecttreacss against controlling a numbei of insects. 
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Biodegradable insecticides are being used nowadays in place of chlori- 
nated hydrocarbons. Several important ones are listed below; 


S 

tCzHsJjPO 


Parathion 



NO2 


S 

(CH3O), PSCHCOOCtHj 

CH,COOC,H* 

Maiathion 


(CHjOlgP® 



LJ~^ 


(CHjO)* PCHCCI3 

L 

. Oilox 


All of these compounds have similar structures and aic charactcri7.cd by 
the presence of a phosphorus atom. They aie toxic to warm-blooded animals 
and to inscct.s They appear to act as powerful inhibitors to cholinesterase, 
an enzyme pre.scnl in nervous tissue. 

Hirbieida: Practically all kinds of plants ranging from trees to micro- 
scopic plants may hcctmte ixrJs. These are undesirable plants since they 
consume water and fcitilizcrs at flu expense of crops. Besides their growth 
causes senou-s problem' in the inigalion of ditches, parks', etc. The weeds 
arc also poisonous to public because of the presence of poison ivy and hay 
fever plants. Chemicals employed to destroy weeds at 6 know ntts herbicides. 
The structures of some common herbicides arc given IhjIow; 


C 



OCH2COOH 


2,4-1) or 2,4-ni«.hlorophcno.v>acctic .uid 



I cnac 



NHCOCHCCMjlj 


IPC 

The phenoxyacctic ids arc, however, the most commonly employed her- 
bicides. Their function probably includes a breakdown of starches to sugars, 
deranged cellular growth and reduction in photosynthesis. 
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13.1 n. Arfiiiigc the following tiik\l bromides in order of dccreusing 
reactivity towards iodide ion in dry acetone. 


b 


CH,CH,Br. ClljCHCU,. 

Bi 


CHs 

CCUa and C'H.Br 

/I 

Clfj Br 


Arrange the following alkyl halides in nidcr of increasing re- 
activity to Si, 2 displacement . 


CHaCHaCHCH,. CH,CHaC HaCHaBr, 
Br 

CHaCHjCHaCI 


(CHa)aCWI.CH, and 
Cl 


13 2 Discuss the various techniques of distinguishing between Svl and 
S.v2 reactions 

13 3 How will you diitinguish between the following? 

1-Chforobutdne, I -Chloro-l -butene and l-C*hloio-2-butcnc 
13.4 Oiler explanation for the following observations • 

a Oichlorobcn/ene has a net dipole moment of zero 
h. Vinyl chloride is unrcactive in nucleophilic substitution 
reactions. 

c C hlorobcnzcne has a lower dipole mv>ment than methy 1 chloride 

d. Alkyl halides, though polar, are insoluble in water 

e. The hydroxide ton is incapable of replacing the chloride um 
from m-nitiochlotobv-nzene 

f Beiuyl bromide is more reactive than cyclohcxy I broinomcthane 
with aq. NaOH. 

g. CllaClial IS more reactive than CH,CHjCl towards K('N 

h. (CHa)aCCHaCl is very unrcactive toward nucleophiles 

I 

H 


13.5 


i. 



IS v..ry unrcactive toward displacement rcactk>tis. 


j. DD r IS not stored in iron containers. 
Suggest a mechanism for the following reaction. 
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13 6 Write structural formulas for ait the alkyl bromides of the raole- 
culat formula C-,lfi,Br, Name each compouml 

13.7 Indicate the characteristic features of an El mechanism along with 
examples. 

13.8 Assuming only E2 elimination write slructuies for all the possible 
elimination products from each of the following: 



13.9 On a potential energy liiagruin show the couise of meta and para 
bromination of chlorobcn/cne 

13.10 Assu.r'' that acetohsis of r-but>l bromide in acetic acid involves 
the following mcclianiiim. 

(t ll,),C'Br ^ (Cn,l,C--tBr- 

() 

«:ii,^c'^ ‘ HjCoo- ► (CM3 ),cocch., 

if addition of sodium acetate to the reaction mixture does not 
increase the rate appreciably, which '•top is rate-determining? 

13.11 An alkyl halide, CJliiCl, by forniation of Giif." ard reagent and 
subsequent hydrolysis yields 2-mcthylbutane. Suggest four possible 
formulas for the original .ilkvl halide 

M . 1 2 .AO 220 g sample of a volatile compound, containing carbon, hydro- 
gen and chlorine only, yielded on combustion no oxygen, 0.195 gCOj 
and 0.0804 gH O. A sample of 0 12Ugof the compound occupied a 
volume of 37 24 ml ai I05T. 768 mm of Hg. Calculate the molecular 
formula of the compound. 

13.13 A compound with molecular foimula CsHij does not react with 
chlorine in tlie dark, yields a single product, t-jHjCl in bright sun 
light. Write the structure of the original compound. 

13.14 Compound A of molecular weight ~ .40 contains 25.4“o of chlorine 
and can bo hydrolyzed to B, containing no chlorine. Mild oxidation 
yields C, which reduces Fehling solution. Strong Oxidation of A, B, 
C gives benzoic acid. Write the structure of A. 

13.15 A student prepared a pure sample of l-chloro-2-dimethylaminopro- 
panc. After Standing for several weeks in a sealed container he opened 
it and found it was mostly 2-— chloro— 1- -dimclhylammopropane. 
Resolve the student's dilemma and explain what has happened. 
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I3«i6 Write the names and structures of some chlorinated hydrocarbons 
that are useful to crops 

13.17 Oive an example where hydrolysis of an alkyl halide may proceed 
according to Sjvl mechanism and one example where it may proceed 
through Ss2. 

1 3 • 1 B Why is S;v2 displacement more difhcult with 2>ineth> l-2>ulUorobutan(. 

than with 2-nicthyM*chlorobutanc' 

13.19 Prove that hydrolysis of /-butyl bromide is SaI. 

13 20 (a) Give the mechanism of the Friedcl-C'rafts reaction. 

(b) W hat method is employed for the generation of electrophile in 
each of the following leactions’ 

(i) Halogenation, (ti) Nitiation and u>0 Sulfonatiun 
13 21 (a| Give the methods of picpaiation and the chemical reactions of 

chlorobvnrcne 

(b> Explain electronically why chiotinc m chlorobcn/enc is less reac- 
tive than in benayt chloride 

13 22 2-Mcthyl-2-butenc has a resonance energy of 6 kcal mole compaicd 
to 2-butene (4.5 keal mole) 

13 23 hen CHjBr Is treated with <.’\ the niafoi product is I !!,( N, 
but some C l-fjNC is also formed f xplam 
13 24 The chlorine atom in />-nitro chlorobcn/citc but not in nmo 
chlorobenzene is replaced by -OH on ticatmeni with .iq NalK Oi 
Why* 

13 2^ The rate of formation of /-butyl ilhc' from the ri..actu>n of / butvi 
bromidt with ethanol -does not increase if a better nucleophile 
ctho.xido ion is addcHi 

13 26 fhe following chlorides undergo solvolysis in the following order 
Explain 

fC,H,),Ca > CHCI > C*H,CI1CICH, > I 

13 27 The followmg reaction follows Sa 2 pathway 

C,H,t H,Br t NaN, C,H,N, t NaBr 

a Write an equation for the expected rate constant 

b. Draw a potential energy diagram for the reaction « 

c. How would the rate of the reaction change if conueotrAtion of 
sodium azide tv doubled.’ 
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Alcohols and Phenols 

Section A: ALCOHOLS 


Alcohols arc simple del ivativcb of aliphatic hydrocarbons, both saturated 
and unsat'iii**"'l in which one oi more hydrogen atoms arc replaced by an 
— f)H group, for example 

CH, 

\ 

( II, ( H.OH ClfOH H,<. ^CHC'l.jOH 

I ihvi .^*^,o/lol /V/— Propil dkohol /\ll}f aliohui 




I <1— t >cluhc]unc<]ioi 


Apouampbaa—t -~ol 


Benzyl alcohol 
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Alcohols may be represented by the general formula *0(1 or ROH 

where R may be an alkyl or an arylalkyl group Vinyl alcohol is unknown 
as it isomenzes rapidly to acetaldehyde, hthyl alcohol or ethanol is by far 
the most important and is often referred as alcohol 

The —OH functional group occurs widely in proteins, sugars, starches 
and many natural and synthetic drugs 

14 I CL.VSS1FICAT10N OF ALCOHOLS 

Alcohols arc generally classified according to the number of —Oil groups 
present in the molecule The alcohols containing one -OH group are termed 
momhvdrk, with two OH group as dmdric and with three -OH groups 
as trlfiydru 


Monuhydne 

Dihydnc 

Tnhydnc 


Cll,CH,C’H,OH 

Propanol 

HOCH,CH,OH 

> thvicne glycol 

CH,OHCHOHCH,OH 

Gljvtiol 


Alcohols containing two or more — OH groups are kn«>wn as polyhydru 
alcohols. 

Monohydric alcohols ate further subdivided into primary, sccondaiy 
and tertiary alcohoN depending on the number of alkyl groups attached 
to the carbon atom carrying the hydroxyl group 



Prunaiy 


Secondary 


fertiary 
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14.2 NOMENCLATURE OF ALCOHOLS 

Alcohols may be named according to the following three systems: 

a. Trivial Names: The lower members of the alcohol scries are frequently 
known by their trivial or common names. According to this, the name of 
an alcohol is derived by combining the name of the alkyl group with the 
word alcohol. The name is always written as two separate words 


CHaCH,CH,CH,OH 



Uuiyl alcohol Cyclopcntyl alcohol 


The position of the substituent present on the carbon chain is indicated by 
the use of (ireck letter «, p, y, etc., and not by numerals 

ClCH,rH,CH,OH 1 

Br 

Y— s hloropropyl alcohol P — Bromopropyl alcohol 

b. The Carhiniti Sysiein of Naming: In this .system the first number of 
the alcohol scries, i.c., CH,OH is called larhinol. All other alcohols are 
considered as substitution products of this compound. The name is written 
as one word. Tthanol, is thus niethylcarbinol and lyo-nropyl alcohol is di- 
inethylcaibinol. Additional examples are 


CH,OH 

C>clopropylcaTbinoI 

C.H, 

OH 

I 

Tiiphcnylcai hinol 


HC-CHCH,OH 

I 

CH, 

Nfcthylvinylcarbinol 

CH« 

I 

CH, 

lphcn> Icarbinot 


1 he carbiind system is not generally applied to alcohol for which common 
names are familiar, for example: 


CH, 

1 

H,r-»CHCH,OH CH, C-OH 

CH, 

/_Butyl alcohol 


AiiyI alcohol 



1J4 A Textbook of Oiyanic Chemietry 


c. Il’PAC System of Nomenclature: Hits system has been discussed 
adequately in Chapter 2. 

143 PHYSICAL PROPERTIES OF ALCOHOLS 
Alcohols differ considerably from hydrocarbons in their physical properties. 
Both alcohols and alkyl halides have much higher boiling points than 
hydrocarbons containing the same number of carbon atom.s, thus n*butane 
boils at —0.5* udjilc n-buiyl alcohol docs so at 1 17.7® fn the homologous 
series, the boiling point rises by about 20® for each additional carbon atom 
(see Table 14 1). Ata'ihols, in contrast to hydrocarbons arc polar. They are 
soluble in water, which i.s in marked contrast to hydrocarbons which arc 
non>polai and insoluble. The solubility of alcohols is due to the formation 
of hydrogen bond» with water The hydrogen bond formation between water 
and methanol is shown below 



The methyl alcohol molecules get incorporated into the neiwvirk of hydrogen 
bonds in the aqueous solutkm. 

TaWe 14,1 Pbyrical Coaitaats of Alcohol* 


Alcohol m.p. i*f ■) h p. (*C> .Solubility 

(g 100 g 11,0) 


Mcth^i atcohoi 

. 97 

645 

00 

alcohol 

^115 

78.3 

00 

n-Propyl alcohol 

-126 

1»7 

00 

/r^Btttyl alcohol 

-90 

118 

7.V 

/^Pteniyl alcohol 

-7J.5 

138 

2,3 


-52 

156.5 

0.5 
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n-Heptyl alcohol 

-U 

176 

0.2 

n-Ociyl alcohol 

-15 

195 

0.05 

ho Propyl alcohol 

-86 

H2.5 

oo 

iso Butyl alcohol 

-108 

108 

10,0 

sec^ But>] alcohol 

-114 

99.5 


r-Buty) alcohol 

- 25.5 



wo-Pentyl alcohol 

-ii7 

132 

*> 

Cyclopentyl alcohol 


161.5 


Cyclohcxyl alcohol 

24 

9'’ 


Ally! alcohol 

-129 

97 


Ben/yl alcohol 

- 15 

205 

4 

a Phenylcthyl alcohol 


205 


Diphenyl carhtnol 


22.1 

1.6 

1 riphcnyl carbinol 

162.5 



rmnam\ 1 alcohol 


2^*^ 5 



The lower membetb arc highly soluble in water, but the solubility decreases 
as the carbon chain increases. This change in solubility is accounted for by 
the fact that a long aliphatic carbon chain with a small — OH group at 
one end is more like an alkane and is thus less soluble Branching, on the 
othci hand, greatly increases the solubility in water. 

14 4 PRKPARATION OF ALCOHOLS 

The following gcneial methods may K* employed for thv preparation of 
alcohols. 

1. IfyJration oj alkena. This a laboratory preparation foi ethanol, 
^vlkenes are obtained by the cracking of petroleum Alkene is bubbled 
through cone sulfuric acid at low temperature to form an alkyl hydrogen 
sulfate. It is subsequently diluted with water and distilled and alcohol is 
collected. 


ore 

I H*SO, ► tTf,CH,OSOj|! 

Disiil 

CH,CH,0S0,H+H,0 CH,CH,OH l-HjSO, 

similarly propene yields 2 — propanol. 

(i) H,S04 

CH,CH«CH» CH,CHCH, 

(II) H,0, dhtil I 

OH 

3~>Pn>p«nol 
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2. Hydrolysis of Alkyl Halides: Alkyl halides react with aqueous sodium 
hydroxide solution to give alcohols Primaiy halides react by the SAf2 
mechanism. 


NaOtt 

CH,CH,CII,Br CHjCHjCH.OH NdBt 

Heat Propyl alcohol 

aq NaOH 

1 ► C,lf,C'H,OH - NaCI 

Heal Bcnrvl alcohol 

These reactions, however, have limited use because the alkyl halides them 
solves are obtained by treatment of alcohols with hydrogen halides (HX) 

3 Orinnanl S^nf/wMs This is one of the inoct important method foi 
the preparation of alcohols Primary, secondary as well as tertiary alcohols 
can he prcpaied by properly selecting the reagents \ <»rignai<l icagent is 
first prepared which is then treated with an aldehyde or ketone yv>th sub 
sequent hydrolysis to obtain an ilcohol 


Primirv alcohols 

H OMgBr 

ether H<1K) ,, 

C H,Br-f Mg ^ C,H,MgBr C - C’jHsC H ,01l 

vfgtoinn. 




O HO' 

/ \ rH,MgBr (’H,C M,CH, OMgBr ► C H/ 'll, OH 

tthylcne oxnk Prop.tr ol 

Secondary alcohols 

CH, OMgBr iH, 

Mg CHjCHd \ S 

CH,Br ClfjVigBr C CHOH 

ether / \ / 

t'H, H C«U 

/vfi— Plop mol 


H,0+ 


H 

ether ) 

C,H4CH0-f-CH,MgBr ► QH^COMgBr C^H^CHOH 

in, (in, 

l—Phenylelhaiwl 
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Tertiary alcohols 

o 

H CHa CHa 

Mg CH^cai, \ ir,(> \ 

CHaBr ► CH,MgBr ► CHj— COMgBr ► CH,— C~ OH 

ether / y 

CH, CHa 

/-Butanol 

4. Ifydroboratiitn of Alkenes: The B — H bond of diboranc (BaHg) 
rapidly adds on to a C*=C bond. The final product is lriallcylborane(R 3 B), 

Ball* HaO/OH- 

CHaCH^CHa ► (CHaCHjCH2)3B ► CHaCHaCHaOH 

which need not be separated but can be oxidized with H^Oa in a basic 
medium to yield an alcohol. Hydroboration reactions a's rcgiosclectivc and 
the net result is an unti-Markownikoff addition of water. 


Mechmisir 

The mechanism involves a nucleophilic attack of the hydroxide anion on 
alkyl boraiic, followed by the rearrangement of bydroperoxyboron. 

HgOa . OH- ► OOH- H ,0 


RjB ) OOH 
I 

R 


► RjBO— OH 

0 


:o()H- 

> R.BOR OH- ► B(0R)3 

-:oH- 

(i> 

3011- 

► 3Rutf -1- BO,-» 


Borate ester (I) is finally hydrolyzed to alcohol. 

The addition of diborane is conttolled by steric efferj*,. The boron atom 
attacks the less substituted carbon atom via a four membered transition 
state. The addition is stcreospecific m andr/nZ/Markowaikolf. It is illustrat- 
ed by the following example. 




5. Reduction of Aldehydes and Ketones : Alcohols may be produced 
by the reduction trf carbonyl compounds by a variety of reagents. Metal 
hydrides such as LiAIHg, NuBHg, etc. are often used. 
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CH, 


crif 


c«o 


(1) tiAlH, 

_*_> 

<2) H,0* 


CH. 

CHOH 

CH,'^ 


More viable starting materials are carboxylic acids or esters for reduction 
with LiAlH.. 


C,H,COOH 
Benzoic acid 


(1) LiAUL 

C,HsCH,OH 

(2) H,0+ 

Benzyl alcohol 


HLO+ 

4R,C=0+LiAIH. -► (R,CHOJ,LiAI ► 4R,CHOH ] Li+ 

.‘-AI»<- + 40H- 

Sodium borohydridc may be used under more controlled conditions. 

<i) NaBH^ 

C,H8CH0 C-H,CH,OH 

(ii> H,0+ 

Benzaldchyde Bcn7>1 aicoho) 

6. OxymercuraUon of olkeues: A useful procedure for the preparation 
of alcohols from alkencs is vw oxymercu ration It is a two step process. 
An alkcne is first reacted with mercuric acetate in a mixture of THP and 
water. A hydroxyalkyl mercury compound »s formed This is reduced to 
alcohol with sodium borohydnde The procedure is dlustrated by the 
accompanying examples. 


l{«(OAt'», 

CH,CH«CH, ► CH,CHCH,HgOAc 


THF, H,t> 


iH 


CH,CHCH,+Hg 

OH 


NaBHf 

OH- 



i*i (o*t 




An advtuitafc of this method lies in the fact thatskdetalrcarranfementt so 
coniJiKm to the hydratioa of atkeoes. sddoir. take place. 

7. Fem€iitatl«n (InAisirkt source): See Sec. 14.7.2. 
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14.5 REACTIONS OF ALCOHOLS 

Alcohols undcrgc* several interesting chemical reactions. 

1, Reaction with Metah', Alcohols react with alkali metals such as Na, 
K and Al to produce alkoxidcs which function as strong bases. 

2CH,CK,OH , 2Na > 2ClI,CHp-Nd*- !-H, 

1 tbonol Sod ethoxide 

2(CH,),COII -2K ► 2fClf,),CO-K++H. 

/-Butanol Pot /-butoxide 


CH,\ 

CHOH t 2A1 
/ 

CH, 

fct/-PropyI alcohol 


rCH, 


\ 


-> 2 1 CHO LAI r3H, 

/ 

,CH, 

Aluminum i-propoxidc 


2. h\teriJiciiiion: Alcohols ft>rm esters with cai boxy lie acids in the 
presence of ''••talytic amount of sulfuric acid. 


H- 

CjH.OH : f’ll,C'OOH ; * CH/’OOC.H.-f H,0 

Lth>l acetate 

II- 

C*l!,0HfCICHj('(30H 7 - * ClCH.COOC.Hj 

Chloroacctic acid Chlorocthyl acetate 

The rcMction is rcver.siblc and takes place in the following manner- 



The carbonyl oxygen is initially proionatcd and subsequent attar*, by alcohol 
leads to a tetrahedral intermediate Loss ot water and a proton forms the 
ester. Since the reactiim is reversible, for successful esterification it is advis- 
able to use excess of the alcohol. 

Benzene sulfooyl chloride reacts with primary and secondary alcohols 
to form sulfonate esters. 

Pyridine 

CH,CH,Cif,CH,Ofr i C\H,SO,a C,H»SOtOCH,CH,Cif,CMs 

n~.BvtyltNmz«ne sulfonate 
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Acyl halides and anhydrides similarly produce esters with alcohols. With 
nitric acid, nitrates are formed. 


C,H.OH + HO-N 

\ 


Hthyl etcohol 


O 


o- 

Nitnc acid 


O 

C,H*0-N^ 
f thyl nitrate 


H,0 


Alcohols are acetylated with acetic anhydride. The reaction may be carried 
out in the presence of a catalytic amount of pyridine 


ROH-: 


Mechaniim 


CH* 




O 


CH, -C 


\ 


o 


/ 

\ 


o 


() 

II 

ROCCH, r CH,COOH 


sO 


MC3-c: 

HC3~C 






K 

CM|C0 


o 

ch,-c~n 

A. 


wy 


-M’ 


o 

■♦ROCCMj 



3. Oxidation: Both primary and secondary, but not tcitiary alcohols 
are oxidized to the corresponding carbonyl compounds. This constitutes on 
important method for the preparation of aldehydes and ketones. The mOst 
common oxidizing agents employed arc potassium permanganate, KMnPi 
potassium or sodium dichromate, K^r,Ot or Na,Cr, 07 , or chromic add, 
H/^rQ|. A primary alcohol yields an aldehyde but a secondary alcohol 
forms a ketone. 

CH,CH^H^HO 

t52J*) 

Bislyl s|k<^ K>~.Btityraldcby<fai 
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^QpC r^Of/ H2S 04.i IQ0"C^ 



Cyclohcxanol Cyclohexanone 

Oxidations by chromic acid (H,Cr 04 ) or dichromate ion (Cr,0|“) are similar 
to those of permanganate. These reagents arc used under acidic conditions. 
Sodium and potassium dichromate are commercially available. The com* 
plete reaction may be written as follows; 

3CH,CH.CH,CHjOH K*Cr,0, • ► 3CH,CH,CH,CHO-l- 

KiSC^.+Cr^SOA f 7*40 

Vigorous oridatit>n of cyclohcxanol in the ptcscnce of nitric acid results in 
the cleavage of the C— •€ bond and adipic acid is formed. 



S0y.HMOi 


C>clohcxanol 


C COOW 

COOH 
(53*/.) 
Adipic acid 


Tertiary alcohols, since they do not contain ibc grouping ■— C— OH, are not 

I 

If 

oxidized under these conditions. 

4. Formation of Alky! Halides: Reagents l*kc thionyl chloride, SOCI| 
phosphorous pentacliloride, PCIt and phosphorus tiibromide, PBr, react 
with alcohols to form alkyl halides. These reagents arc often used to convert 
alcohols into alkyl halides and are commercially available. 

CH,CHCH, I SOCI, ► CHjCHCH, | SO,+HCl 

I ■ I 

OH Cl 

Thionyl chloride often provides alkyl halides of high purity because the 
other products of the reaction are gaseous. Phosphorus pentachloride 
reacts in the cold with alcohols, while PCI, cannot be obtained. 

C,H,CH80H+Pa, C,H,CH,C1+P0CI,+HC1 

3CH,CH,CH,0H+PBr, 3CH,CH,CH,Br+H,PO, 

If PBr, is not available, red P and Br, can be used. 
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The corresponding phosphorus iodides are not used because they decom- 
pose readily, but a combination of red phosphorus and iodine is employed. 

P. A 

3CH,Cir,CH30H ^ 3CH,CIUCHaI-i-H,PO, 

Propyl alcohol «-l’rrtp>l iodide 

The three hydrohaiogen acids HI, IlBr uiul IIC! all react with alcohols to 
form organic halides. 

5. Dehydration: AlcoboU dehydrate on heating (180“) with catalytic 
amount of sulfuric acid. Below this temperature, i.e.. at 140* alcohols form 
ethers. n*Butanol gives a mixture of 2-butene and 1-butene. 

H*, A 

CHaCHjCHjCHjOH CH.CH-CHCHs ht H,CHjCH-CH, 

Butyl alcohol 2'Butcne |. Butene 

(major) iminor) 




'60 -lf,5C 



H^O 


C>c!oh«xanol 


Oclohexciu: 


Certain types of alcohids dehydrate to give ntorc than prixluct. Tor 
instance, 2-— nicthykyclohcxanr'l dehydrates t<> j lehl a mixture of 1— mcthyl- 
cyciohcxenc and 3— nicthylcyelobcxcne. the former predorninatrng 




Minor 


Primary and secondary alcohols also undergo skeletal rcarrangemeht 
during dehydration, as illustrated for 2,2-dimcthylcyclopentaool. 



1,2-— Oiaethyicyciopmteoe 
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6. Reaction with Grignard Reagents: Alcohols contain an active 
hydrogen atom and thus react with Grignard reagents to evolve paraffinic 
hydrocarbons. Ethanol for instance, liberates methane from methytmagne> 
sium bromide. 

CH,MgBr4 C,H,OH CH^+MgBrOCjHs 


14.6 qualitative TESTS FOR ALCOHOLS 

Alcohols arc normally considered neutral compounds. A number of methods 

that assist in identifying alcohols arc available. 

1 . Iodoform Test: This lest is applicable to a particular type of alcohol 
structure, i.c. alcohols in which the carbon atom bearing the — OH or 

^C=0 group is adjacent to a methyl group responds to this test. Thus 

ethanol but not methanol gives this test. An aqueous solution of alcohol is 
made alkaline with sodium hydroxide and then iodine solution in potassium 
iodide is adueii dropwivc and the mixtute shaken. In a positive test the 
brown iodine coloi disappeans and a yellow ivxloforin is precipitated. 

OH O 

I !' 

RCCH,-t-4I, 6NaOH sCHI,- RCO-Na+- 5NaH-5H,0 

H 

O 


R—CCH, . 3Ia ! 4NaOH ► CHI,-. 3NaI fRr.X)-Na+-r3H,0 


This reaction is very useful because iodoform, which *s yellow in color, 
can be identified by its characteristic odor and melting point. Acetone, 
acetophenone, ethanol, 2-propanol 2-butanoI give this test. 

2. Imcos Test: This test is applicable to water soluble alcohols. The 
information obtained by treating an alcohol with cone, hydrochloric acid 
and anhydrous zinc chloride {Lucas reagent) can be used to identify and 
to classify the alcohols. The test is known as the Lucas test. Primary 
alcohols react very slowly while secondaiy alcohols show slight turbidity 
but tertiary alcohols form a halide immediately. 


ZnO,. HQ 

RCH,OH 

vary slow 

R 

\ ZnCVHO 

R-C-OH — 

/ fast 


Rv,H,Cl-|-HOZnCl~ 

R 

R^-ai 

/ 

R 


Phmiois do not respond to this test even at elevated temperatures. 
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3. Oxidation: Primary and bcconJary alcohols arc distinguished from 
tertiaqr alcohols by their oxidation withKMnO^or K,Cr, 07 . The oxidation 
takcNi place rapidly and a green or blue color is usually observed with di- 
chromate. Tcitiary alcohols fail to show any change within about 2-5 
seconds under these conditions. Any reaction taking place in a longer time 
may be ignored. 

KMnO,. OH- KMnO., OH" 

RCH.OH — *• RCHO RCOOH 

CrgO}-, H+ 

RCH.OH ► RCHO 

t r,Of . H- 

RjCHOff ► R^c_-0 

CrjO;-, H* 

R,COH — •— - > No reaction 

14.7 INDUSTRIAL ALC OHOLS 

Nowadays more than two diuen jlcuhols arc obtained commcicially that 
are used as starting raateriaU for the preparation <»f eoinmoti ocganic com- 
pounds. Simple alcohols are obtained on a laigc scale for use m industry 
We will discuss the preparation of nKthyl ala>hol and ethyl alcohol 

14.7.1 Methyl .Alcohol 

Methanol is ah»o known a.s Hood alcohol because at onetime it was obtain- 
ed on a large scale from the destructive distillation of wood The main steps 
in this process am the following.* 

a. Dried wood is heated m large closed glass retorts in the absence of an 
at a high temperature (300°C) for several hours. 

Dried wood, on heating, yields volatile fractions consisting of gaseous 
and liquid prodnets,' the volatile fraction (coat gas) u used as fuel. The 
acqueous fraction consists of two layers, the upper layer contains several 
industrially important chemicals including methanol, the lower dark viscous 
layer Hi callexl wood tar. The upper layer is fractionally distilled and the 
vapors are passed through hoi milk oi lime and acetic acid is retained hs 
caiciiiiii acetate. The resulting vapors, rich in methanol and acetone ai-e 
condensed. The liquid so obtained is again distilled to separate methaiuil 
(b.p. 65*) and acetone (56* C). Methanol of about 90-93% purity is obtam- 
ed in this manner. 

b. From Water Gas : Nowadays methanol is produced commercially by 
a superior method, i.e., from water gat(CX>4 H|0) in the presence of a cata- 
lyst. Water gas is obtained by passing steam over red hot coke which is mix- 
ed with excess of hydrogen and the mixture is heated at 30(MO0* under 
pressure m the presence of a catalyst. The resulting alcohol is 99% pure. 
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400 500®. 150 atm 

CO j 2H* CHgOH 

ZnO j Cr^Oj (catalyst) 

Methanol is poisonous and causes permanent blindness if taken internally. 
It is sometimes added to ethanol to render the latter unfit for human con- 
sumption. This process is called denaturation and the alcohol is known as 
methylated spirit. Methanol is used as a laboratory reagent, as an antifreeze 
and as a solvent for varnishes and in the preparation of formaldehyde. 

14.7.2 Kthyl Alcohol 

Ethyl alcohol or grain alcohol is a very important industrial alcohol and <i 
major section of the chemical industry depends on it as a basic raw material 
Two important methods for its manufacture are fermentation, i.e. decom- 
position by living organisms of molasses, sugar or starch (carbohydrates), 
and synthetically, by the hydration of ethylene obtained during the cracking 
of petroleum. The actual fermentation reaction is purely chemical but is 
brought about by jpcvific en/ymes secreted by the cell of the organism. 

(a) From Molasses: For the prirduction of ethyl alcohol good use is made 
of molasses which is a by-product of sugar industry. It is the mother liquor 
left during the crystallization of sugar. It is a dark colored viscous liquid 
which still contains 30'*,, of sucrose and 32% o*' invert sugar, i.e., a mixture 
of glucose and fructose. Molasses is diluted with water whereby some of 
the cane sugai dissolves. The diluted solution is fermented with yeast a 
living plant containing the enzyme yeast, in large tanks. During several 
days of standing fermentation stops and sugar is converted into ethanol and 
carbon dioxide. 


Invcriasc Yeast (Zymase) 

Sucro.se glucose ■+• fructose <•* 

4C',HiOH i 4COj 


ft is then distilled and the alcohol vapors arc condensed and pure alcohol 
is obtained by careful fractional distillation. The alcohol to obtained is 
95% pure (190 proof) b.p 7K 3®C the rest being water. The process is 
known as rectification and the alcohol so obtained is referred to as rectified 
spirit. The .sale of rectified spirit is controlled legally. 

(b) From Starch {IVeitmann Process): EtJ 4 alcohol is obtained by the 
Weizmano process from starchy materials such as potatoes, rice, maize, 
grain, barley, etc. This method was developed during World War I to 
produce acetone a solvent needed in the manufacture of smokeless powder. 
In addition to acetone (36%), it contains ethyl alcohol (10?o). The starchy 
material is converted by malt into maltose (a sugar) which is then fermented. 

Malt (diastase) 

Starch ► Maltose (sugar) 


65®. I hr 
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Yeast 

Maltose ► C,H*OM+COi 

20-25'’ 

Ethyl alcohol is then recovered as in the previous process by distillation. 

(c) Hydration of Ethylene: We have been previously that sulfhric acid 
adds to alkenes which on hydrolysis forms alcohol. The reaction with ethy* 
lene is the basis of an important industrial process for the preparation of 
synthetic alcohol Ethykne is obtained by partial hydrogenation of acetylene 
obtained from calcium carbide This method was developed largely in 
Germany during the Wnt 

H-O 

H,C CHa + H,SO, ► CH,CH,OSO,H CH,aijOH 

ISO Propyl, sec. butvi and r>butyl alcohols can be prepared similarly. 

Ethyl alcohol is used in the dye mdustiy. as a preservative for biological 
specimens, as a raw material in the preparation of acetaldehyde and acetic 
acid; as an important laboratory icagent; and as a constituent of motor 
fuels. It is intoxicating and is used in the beverage industry for making 
brandy, gin, whisky, rum and other alcoholic beverages. The physiological 
effect of alcohol is that of a narcotic poison A narcotic is a drug employed 
to allay pain Narcotic drugs, when taken in large doses cause coma and 
convulsions and may prove fatal in very large doses 

Alcohol is miscible with water in all proportioo.s It is disposed off in 
the body by oxidation In the liyer it is oxidized to acetaldehyde. Very 
large concentrations of ethanol are too much for the liver to cope with and 
may cause damage to the liver. 

The redox reaction between ethanol and chromate (VI) is employed in 
•breathal}zers\ It contaiov orange crystals of potassium dichromatc 
(VI) which is reduced to green chromium (III) by ethanol. The color change 
provides an indication of the level of alcohol vapor in a motorist’s breath,- 
We often talk of energy crisis nowadays, Although coal and oil are being 
used in lar^ amounts they are strictly limited in quantity. As a result the 
price of fuels necessary to run machinery is increasing. To alleviate the 
energy problem Alexander Graham Bell, hack in 1917 suggested a soltltion* 
bum alcohol This idea is attracting a great deal of attention. Alcohol can 
be obtained from very cheap sourcea and vegetable wastes, for insfance, 
from saw'dust, waste products of farms, vegetable matter. qapa^Ie of 
fermentatkin and even the garbage from the cities. 

14,8 ABSOLUTE ALCOHOL 

Ethyl alcohol is obtained either industrially or synthetically as a mixture 
of ethyl akohoi (95%) and water (5%), l,e.«aa aaeotropic mixture. An 
axeoftvpk mixture may be described as a mixture of liquids of a certain 
definitecomposltion that distils at a constant tMaperatum without cfaaiqp; in 
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composition. Water can be removed from this mixture to obtain 100% 
alcohol, referred to as absolute alcohol. This is accomplished by distilling 
ethanol after adding an appropriate amount of benzene. In doing this the 
first fraction distilling over is a tertiary azeotrope consisting of alcohol, 
benzene and water. This removes ail the water. The alcohol left behind is 
in an anhydrous state and is distilled (b.p 78.3) to obtain absolute alcohol. 

Absolute alcohol is likely to bo toxic because of the remaining traces 
of benzene. Absolute alcohol is 200 proof. A proof .spirit is a solution of 
.-rlcohol in water containing one half of its volume of absolute alcohol, 
because of the contraction in volume on mixing alcohol with water. 50 ml 
of absirlutc alcrdiol and 53.71 ml of water gives 100 ml of 100 proof spirit. 
Absolute alcohol is used mainly in lacquers, varnishes and in film industries. 
Rubbing alcohol is usually isopropyl alcohol. 

14.9 POWER .VLCOHOL 

The demand of petroleum is increaung every day. Alternative means of 
petroleum are needed for energy sources. Industrial alcohol is used for this 
purpose. It is mixed in the presence of benzene with petroleum and the 
mixture is employed for the generation of power This is known as 'power 
alcohol. 


Section B: DIHYDRIC ALCOHOLS 


Alcohols containing two hydroxyl groups per molecule arc called dihydric 
alcohols or glycols. We will be concerned in this section with the com- 
pounds containing hydroxyl groups on adjacent carbon Uoms. Such 
compounds arc given both common and lUPAC names. 


CHj-CH, 

I I 

on OH 

Ethylene glycol 


CH, 

Jh oh 

Propylene glycol 


CH, 

I 

OH 


<J, 


)H 

Butylene glycol 


In the lUPAC system, the rules for nomenclature are same as tor themono- 
hydric alcohols except that a group suffix di is attached to indicate the 
presence of two hydroxyl groups. 


H |C C*Hj 

ill tiH 


CH,CH-CHt 

in in 


1,2— Ethsoedioi 1.2— Propsoediol 


O- 

1 ,2— Cydobexsnediol 


C,H,CH~CHQH5 

(Ih oh 

1 .2— Diphnnd-i .2— etluuiediol 
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Carbon atoms containing two hydroxyl groups, i.e. gem diols are unstable 
because they readily lose water. However, a few diols, namely chloral 
hydrate, ninhydnn, etc., arc known that are stable 


CljCCH 

\ 


OH 


OH 


Chloral 



Nmh\diin 


14.10 PHYSIC \L PROPERTU.S Ot DIHYDRIC Al,COHOl*S 
Glycols have high boding points (Table 14.1) because there arc two site.s 
avadable for hydrogen bonding. The simplest glycol, ethylene glycol, has a 
b.p. of 197.5' The lower members arc also miscible with water 

Table 14 1 



Mructore 

t>p iV) 

1 th>fenc glytot 

HfX'HariljOH 

m 5 

PfOp>l<oc ghcol 

Ol,r!lOHCHjOH 

18') 

Otycoldiineihyt eth^sr 

HtX’HjClljOCH 

124.6 

Oiycofd] methyl ether 

f IIjOOfiCILOH 

85 ^ 

Dielhyicne gheol 

H(>CH^CHj<)CH*C H,t)H 

1^6 

Cdrbitol 

t HjOIt 

m 


14.11 PRfcPAKATION Oh DIHYDRIC ALCOHOLS 

Glycols are prepared by reactions that arc modiBcaiions of the general 

methods discussed fv>r the preparation of monobydric alcohols. 

1. From Eth}lem Addition of hypochlorous acid (Clj HiO) to 
ethylene and subsequent hydrolysis of the adduct introduces two hydroxyl 
groups. 


Ma,<XVHaO 

Cl'*’ ■ CH|(“-CHj ' •" CHj— CHj 

Ih a Ah Ah 

bthykae Obwo* 

Pfoi^deiie gtyed can be prepared similarly from propOM. 
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Na-^COj/H^O 

CHaCH^CH* I HOCI CHg— CIT— CM, 

II II 

Cl oil OH OH 

Propene Propylene glycol 

2. Ifydroxylation of Alkenes: Glycols may be obtained by hydroxy- 
lation of the double bond of an alkenc with KMnO, or OSO* (Osmium 
tetroxide) 

3CH,— CHa 

3CH, CH,-l-2KMnOa+41ljO ► | | +2MnOaf2KOH 

OH Olf 

The disappearance of the purple color of aqueous permanganate solution 
on* the additiint of an alkenc is known as Bucyer's test. 

jj KMnO^ 

f /»• 1 , 2 ~ C >'c!ohcxancdu'l 



Mechanism 

The reaction is stcreospccific lis addition, i.c.. a i /j olefin produces a n.r 
diol, while a fri/ns-diol is formed from a tnins olefin. Hydroxylation of 
rfan^-2-butenc leads to the formation of enantiomeric 2.3 — butanediol. 


H CHS 

\ / 

y \ 

CHj H 


MO OH 

HjC 


/ 

MO 






\^CM3 


OM 



tran»-»2~<>Butcne 


( j )>2,3— Butanediol 


Hydroxylation of the ns isomer results in the formation of mfso-2,3-buiane* 
diol. 

3. from Epoxides : Ethylene oxide or epoxide is a strained ring and can 
be converted into many usriiil products by treatment with different reagents. 
The carbon*Qxygen bond is broken very easily compared to such a linkage 
in an opai<~«lwio compound. This U attributed to the presenee of iirain due 
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to angle distortion. One of the C— -O linkages breaks and positive part of 
the addenduin becomes attached to the clcctrtmegative oxygen atom. 

CH»--CHa i irOH ► CH.-Cllj 

V/ J 1 

O OH OH 

Ethylene oxide Glycol 

4. Hydrolysis of Vicinal Halides: 
sence of a base also yields a diol. 

CHjBr OH-<HjO 

I ► 

CHjBr 

t .2— Di bromoethane 

5. Bimoleeular Reduction of Carbonyl Compounds: Symmetrical !,2-diols 
may be prepared by the bimoleeular reduction of aldehydes and ketones. 
The reducing agent is generally an electropositive metal such a> n»agncsiuin, 


Heating a vicinal halides in the pre< 


CH,OH 


<1, 


i 2HBr 


H,OH 

Olycot 


O ;0:~ 

y Mg r { 1 I}tnic>i/.)iion 

XH,CCHj ► Mg»+ t 2 CH,a'H, ^ 

Acetone [, a radical anion J 


0 - 0 “ 

I f 

CH/:~CX'H, 

I { 

CH,CHi 


' HiO 

(CHa), 


! I 

OHOH 


Pinacol 


A radical anion » first formed by the transfer of electrons from the metal 
to the ketone. This is followed by the dimerization of the radical anion t'^ 
produce the dianion of a 1,2-diol which hydrsdyses to the diol. The diol 
produced frtun acetone has the trivial name pinacol. 

14.12 REACTIONS OF DIKYORIC ALCOHOLS 
Glycols display the foUowinp chemical reactions. 

I, Formation of Vicinal Halides: In a manner similar to monbbydric 
alcohols, glycols react with phosphorus halides to form 1.2>dih3lldcs^ 

CH^H PCI, CH.Cf 

jHgOH ^ iniCT 

Ciycol i,2~>l>ichkm)eth«M 


With SOCi|, glycol form* n cydio sulftte. 
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CH,OH 

(Sfr^OH 


SOClj 


CH^~0 

\ 

s=o 

/ 

CM,— O 


2. Esterification: Glycols need two molecules of acids and a catalytic 
amount of sulfuric acid to form esters. 


O 


CHtOH 

+2CH3COOH 

ClfjCKXH., 

1 

CHjOH 

CHjOCXJKj 

M 

0 

Glycol 


Fthylencglyco' iiacetate 

CH.,OH 

1 

n* 

CH,ONO, 

i 

1 2 HONO, »- 

CH,oir 

CHGNO., 

Glycol 


I thvlcneglytol dinitratc 


3. Polyester Formation: A dicarboxylic acid when it reacts with a 
dihydric alcohol, an ester linkage is formed at each end of the molecule. 

By further reaction many titer linkages may be linked together building 
up a large molecule. Dacron (known as Terykne in U.K.). a synthetic fibre, 
is such a polyester and is prepat cd from ethylene glycol and dimethyl 
tcrephthalatc. The acid is not used because it is difficult to purify. 


HOCt-feCH20H + MCOOC 



COOCH, + HOCh^Ch^OH 


M0CM?CH20 



OCH^CH^O-Jh t 2nCHiOH 


Poiyethylone terephthalate 


This polyester absorbs little moisture, has a high crease resistant property 
and can also be converted to a thin hbre (MyK,.) of high strength. 

4. Acetal and Ketal Formation: Aldehydes and ketones form ring com* 
pounds with i^ycols. 

^\.0 + HOCM,CP,OH 
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5. Oxidation: Periodic acid brings about a unique reaction of vicinal 
diols. The carbOQ'carbon bond carrjing the hydioxyi groups Is broken to 
yield two molecules of carbonyl compounds This is known as the oxidative 
cleavage of dwls. The reaction proceeds through the formation of a cyclic 
ester of periodic ackl. 

C«20H HaC=0 

CHaOH ^ 0eCM2 ^ 

An identical carbon-carbon bond cleavage is also brought about by lead 
tetraacetate 


H2COH 

H2C ■ 0 
0«CH2 


PoIOaC)^ — 


B 


C\ 

—* H2CO-Pd{OaC)2 
/"v i. 

^^O-CH;0A. 


^ pbtOAC)^ 4- BH* 4 CHjCOO 


Glycols arc also oxidued to dicarbonyl compounds casilv by ordinary 
methods of oxidation. 


CH,OH Cu CHO 

i ► I 

01,011 A Clio 

OlycoJ C>)>o\a1 

6. Pinacol-Pinacolone Rearranftanenf Pinacoi as well as other 1 ,2-diols, 
on reaction with an acid undergo a rcanangement of an alkyl group to yield 
pinacolonc, i e. methyl r-butyl ketone. 


cir^K, 


HP 




Pinacoi 


CH, 


Clip 

«+ I n 

•- CHj C-C-CHi 

Meat j ; 

CH, 


Pinacolotw 


Mechanism 

The fflcchanism of the reaction involves tne protonation of one hydioxyl 
group as the first step. This loses a water molecule to give a tertiary catbo- 
catioo. Tbott ft of a methyl group takes place to form the ketone 
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CM3^ D^ 3 CH 3 

I J _ M* II 
HjCC-CChj CH31-CCM3 

OM ^ hn U*2 


CHl CHl 
CH 3 C-C-CH 3 

r** 

t :n 


:OH 


<jH3 


-► CH2CC‘‘ Hi 

II 

OCH1 




14.13 USES OF ETHYLENE GLYCOL 

Ethylene glycol is used as a raw material for making polyester, as an anti- 
freeze for automobiles, as a cooling agent and a laboratory stdvent 

14.14 TESTS FOR c/5— and /m/»s— DIOI^ 

A distinction between cis— and irons — diols may be made by reacting with 
acetone or pnenyiboronic acid. A cis diol readily foims a cyclic derivative 
with these reagents whereas the tram form does not. 



as — Cilycolscan undergo cleavage with lead tetraacetate at a much faster rate 
than the corresponding irons isomers 


Section C: TRIHYDRIC ALCOHOLS 


Trihydric alcohols contain three hydroxyl groups on adjacent carbon atoms. 
They PO.SSCSS the general formula (%l{j, .(OH), The ino.st imptsrtant 
member of this series is 1 .2.3-propanctriol also popularly known as. glycerol 
or glycerine. 

14.15 PREPARATION OF TRIHYDRIC ALCOHOLS 

1. Front Propylene: Propylene is chlorinated at a high temperature and 
the product so obtained is hydrolyseil to ally] alcohol. Tbs adds on a mole- 
cule of hypochlorous acid and hydrolyzed again. 
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a. H,o. OH- 

CII.CH CH, ►(TCn/TH CHj *- IlOC’H.rH CHg 

Propylciw 400.450* 

HOO H,0 OH- 

CHj-CH— CH. CH, 

i J J I 1 

OH OH Cl OH OH OH 

Obceroi 

2 From Soap. Glycerol obi<uncd as a by*piovluct lu the maiiufattuic 
of soap OiUanJfatsaiv i.st«.ts ofionp «.iuin tatts ac<d<; H>«.Im)Ivms with 
sodmm hsUiovido Molds j:Im<.ioI and soap 

O 

CH,0C(( H,)i*tH 

O CHgOH O 

8 { 

CHOC(CH,)j,CHj+3NaOH CHOH ( X'H,(( HJ„(’0-Na* 

O tHOH 

CH.OC(ClfA»CH, 

Mlsttrvl tnpaimttatc (il.torol StJeium sail <if pat nii'i. 

U gtycendcl .v.td (mmp> 

Such esters of glycerol with long chain fatty at ids arc .ilso kitovsii asgiyte- 
ndes The fatty acids are ex.trat.tcd from animal and svgeiahic fattv' 
tissues 

t4 t« REACTIONS OF 1 RIII VORIC Al C OHOl.S 

I LiUnJtcution Oiytcrol is c&lei)h<.d with a carbtixyliL acid ui the 
presence of a mineral acid as cital^st. 

O 

CH/K ( H, 

O 

rn,iVHm 8 

— ^.^CHOCCII, 

O 

Ch,OCCH, 

(iiyv^ryi triacetate 


< H,OH 

Aioh 

<!h/)h 


Ctycerot 
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With nitric acid glycerol forms glyceryl trinitrate 

CH,ONO, 


rif^OH 

^HOH-4 3HONOj 
Glycerol 


-•.C'HONO, 3Hp 
I 

(HjONO^ 
Glyceryl rnnitrdte 
(Mili 08 l>cer»nc; 


During the period I866-J875, Alfred Nobel, a Swede made basic djscovcriei. 
of the application of nitroglycerine as explosive He made a large fortune 
from this and he established the famous Nobel pri/o in science and atts. 

Nitroglycerine Is detonated hy shock : When it is absorbed on 
Kiesuiguhi (a tvpe of clay) it is called dynamite It is levs sensitive to 
shock and can be handled safely Presently only a small amount of nitro- 
glycerine is used as dynamite. 

1 Riuttion with III . Glycerol on leactK'n with hydroiodic acid 
I.‘iid5 to 2<ioat»propaiie according to the following sequence of reactimis 


(11,011 

I 

CMOH 

i 

< 11 OH 
( H 

I 

CH 

< H. 


HI 


nti 

.Mt/> 

( H 

I 

( HI 

1 

ni. 


01,1 

Of. 

( H 

1 


HI 1 

on — 

Of - 

^ ( H.l 

1 

I. 1 

1 

( H 1 

Of I 

< n.i 


3. Reaction uiih Patositam fhdrogitt Sutfuti , Cdyseiol on he.Umg 
with acidic pot hydrogen sulfate loses two molecules of water to form 
aeiolem, a pungent smelling compound 

01,011 t |{ 


^IlOH 
ILOM 


KHS()„ A 


h 


:it,o 


CH 

I 

OK) 


4, Rt\H tiun with Oxalic Acid 
on heating yields formic acid. 


A mixture of giysciol and o\al.c acid 


O 


CHjOH 

moil 4 
I 

oi,o» 


coon l.’O’t 


rooH 


cHj-o-c-coon 

I, 


H,(> 


’HOH 

1 

GHjOII 

Glycerol monoSalate 


CO, 
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CH,-0-CH0 CH»OH 

i 1 

CHOH ► CHOH + FK’OOJr 

(!:m,oh ch,oh 

Glycerol monoformatc 

14.17 USES OP GLYCEROL 

Glycerol is used for tho manufacture of high class toilet soaps and 
cosmetics; in the preparation of nitrt>glycerine used in making explosives; 
and in the resin industry. It is also used in shoe polish and stamp colors. 
It is a component of several pharmaceutical products and is employed 
in making dyes and for the prepar.ition of quinoline. 


Section D : PHENOLS 


Phenols are derivatives of aromatic hydrocarbons in which a ring hydrisgen 
atom is replaced by - -01 1 group. They possess the general foi mula Ar OI f 
where .Ar is a phenyl or substituted phenyl group. Phenols differ from 
alcohols both in their physical and chemical properties Phenols give 
characteristic colors with Fet'Is solution while aliphatic alcohols do not. 
Phenols are acidic while alcohols art considered neutral A number of 
phenols may be obtained from coal tar 


14.18 NOMENCLATURE 

The simplest member <'f the series is 


called phenol. 



Phenol derivatives are usually named as derivatives of this parent compound 
Numerals arc used if more than two groups arc present on the ring 



Chlorophenot <>— Vjtrophcnr>l «— Methoxyphenol 



f ■— Methyl— i—ijo-p. opylphenol 
(BufsaoD 
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Certain phenols arc known by their trivial names. 


CH3 



<>— Cresol ni CrCiOl >>~Crc»o] 

Compounds having two or more h>droxy groups on tlic ring also possess 
common names. 

Oh 



r'liick hoi RcM'rcinol Hydroquinone 

(Qoinol) 


OH 



Phkroglucinol 


Certain groups like —COOH, — CHO,-— .SO,H, when present on the ring 
take priority and the hydroxvl group is used as a nuKlifying prefix. 



OH 

o— Hydroxyb«i»<ric acid Hydre%)ben»ddetiyde 

(Sidicyttc acid) 
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14.19 PHYSICAL PROPERTIES OF PHI':NOLvS 

The simplest phenols arc liquids or Kiw>mclting solids. Phenol itself is u 
colorless crjstallinc low melting solid and pt«sscsscs a medicinal odorund is 
iniKieratety soluble in water. It ntust be h-indtcd with cure as it can cause 
burns when in contact with skin Pbcni>l.s are high boiling coinp<')unds 
because of intermolecular hydrt>gen*tH>nding Since they form h>drogcn 
bonds with water they are .soluble in it. Phenols are colorless a>mpounds 
but turn pink on standing because of atmospheric oxidation 

14.20 PREPARATION OF PHENOl^S 

Phenols aic prepared b> methods different from those for the preparation 
of alcohols. The major source <d' phent>|s is the pctii«.hemical industry. 

1. Ar>I halides aie quite unreactive towards displacement reactions 
under ordinary conditums. However, with hot sodium hydroxide and under 
pressure, hydrolysis takes place. The product sod. phenoxide is converted 
to phenol by acidification. 

(0 NdOH. ;<0— 375* 

(.lljCI C'.HiOH 

<ii> m i 

2 . From Suljofin .Uni An old but useful synthetic method is the 
fusion of sod. bcnacnesulfonate with alkali. Sodium phenoxide so obtained 
IS dissolved 10 water and aciditicd to obtain phenol. 

NaOH . .Stdtd KaOH 

c;H,SO.H ► C*H..S04 Na^ C,n,() Na* 

Kiwiu I emp Hl«)** 

Uep<eac Sinlium phenoxide 

vulionie acid 

»C 1 

► CjHpH-i Nat I 

Phenol 

3 . By Hydrolysis of Uhnonnm Salts: Aniline or substituted anilines 
arc diaxotizi’d with sodium nitrite and hydrochloric acid at tow temperature 
and the resulting diazonium salt forms phenol with water, and nitrogen, is 
evolved 

KaNOj/HCI H,<) 

<,H»N,+th 

5 ’ —N, 

Aniline Benzene diazonium cblwide 

4. From <‘umew Hydroperoxide: Phenol is produced from cumene 
hydroperuxUie by treatment with sulfuric acid. Cumene hydroperoxide is 
obtair^ by autoxidation of cumene, between 95~]35X'. 
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('itmcnc hydroperoxide Phenol \i. clone 

Mfchmism 

The first step is prot<'nation and then loss of water forms a cationic oxygen 
atom. Rearrangement of the phenyl group to oxygen takes pUee. Fmaiiy 
attack by water and loss of H*’ gives phenol 






f/ ^ 


-H-* 


CHj ^ ^ 

c'h3 W 



5 Decarboxylation of M>d salicylate with smia lime is also a aourcc 
of phenol. 



•f NoOH 


CoO 

A 



+ NajtOj 


14.21 \CIDm OF PHENOLS 

.\s stated earlier phenols and dcohols diifci in many v>f their physical and 
chemical properties because the aromatic nucleus exeits a strong modifying 
effect on the properties of the hydroxyl group. One such important property 
is the acidic nature of phenols, i.e., they are .soluble In a<|ueous sisdium hydro- 
xide solution and form sodium phenoxide. Alcohols, on theothci hand do not 
react to any extent with .sodium hydroxide. Phenols are acidic, though 
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ROH < NaOlI ► No significant reaction 

several orders of magnitude less acidic than carbo\>lic acids, but far moie 
MS than alcohols. The acidity of a hydrovyl gioupvaiics widely depending on 
the molecule and its location within the molecule. The corwlation of acidity 
with structure can be best e.xplaincd if one considers the ionized species for 
phenol and alsti ethanol. In anions like alk«>xide(OR“) and hydroxide (OH ") 
the full negative charge is kvalizcd on the oxygen atom and there is no 
particular stabilization of the anion As a consequence these anions are 
strongly basic and the corresponding acid (RUH)i$ver> weak On the other 
band, in the baste phenoxtdc ion this is not the case as the negative ebatge 
is delocalized over the entire molecule as shown below* 



Delocali/atK>n of the charge stabilizes the phenoxide ion and thus shifts the 
luni/ation cquilibi lum to favor, formaia-n of the anion, i c , the phenoxide ion 
The resonance thcoiy thus nicely explains this delocalization of the phenoxide 
ion whereby several contributing structures cun be written. The acidity of a 
phenol can be further augmented by putting electron-withdrawing groups 
such as — NO, on the nudeu-. I his will have the effect of further dclocaliza- 
ting the negative charge of the ion. Thus p— mtropbcnol (K, 6.5> 10*“''> is 
S(X) times more acidic than phenol 1 .3x iO**'*} itself. 

14 22 REACTIONS OF PHENOLS 

Unlike most enols, phenol is stable in the hydroxy form, because in the 



Pheaof Keto fertn 


keto^form the large stability of the benzene ring is sacrificed. 
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Phenols do not met with hydrogen halides to form aryl halides 
because the protonated phenol does not dissociate to form a carbocation 
which will not be stable. Phenol also dt>es not react with PCI* or PBr, to 
give halides. Phenol is not oxidi/cd in the same manner as alcohols. 

I . Formation of Salts: Phenols, being weakly acidic, form salts with 
strong bases. 


C,H»OH+NaOlI ► C,H»ONa+H H,0 

Phenol Sod. Phenoxide 

2. Formation of Ethers: With dimethyl sulfate as the methylating 
agent phenol forms anisole. 

c.M.on (ch,),so 4 ► c,H,cx:n, 

Phenol Anisotc 


Na<m 

CeH.OH j CiCH,COOH C,H,OCH,COONa^ 

Phenol 

> Cyf^OCHjCOOH 

PhcnoAyacciic acid 

3. Acctylatmg agents such as acetic anhydride and acetyl chloride 
forjn phenyl acetate. 


O 

c,i 1,011 c,h»ocx:h,+ch,cooh 

Phenol Phenyl aoclate 


Mechanism 

Like the many reactions, we have studied earlier, phenol makes a nudleo- 
pbiiic attack on the acyl carbon atom. 


C^HjOH 


CHjC, 


>■ 


'o 



ceH^cocM) ♦cttjcocr 





ceH$occMj 
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4. Ester i/hatioH: Phenltl do not undergo the usiial JFIseker tsteri- 
Jivation as do alcohols as the etiuiiibriuin generally lies towards the left. 

O 

» H+ 

C^HjOH -hCHgCOH — — ► No reaction in an appreciable time 

Phenols may be cstcrifiod in the presence of a carbo\>lic acid by beating 
with a mixture of thienyl chloiidc and pyridine. An interesting reaction is 
with o-benzoylbenzoic acid, which forms two products a normal ester and 
the p^euth ester, the former is formed in a very small amount. This is an 
exantple of ring-chain taut, n.riwii the two isomers possess different pro- 
perties, but on acid hydrolysis both generate the original o-ben/oylben/oic 
acid. 




on 

t 













c r' ''C fHi 


1 

'X-i 

X''- 

t 





CQH 


fj"®. 




ottv (vhsiin Uui<>mcrJ punuJo cii«r frinj? (*iutonv«rj 


5. Kolbe’s Reaction: A useful aromatic substitution that involves a phenol 
and carbon dioxide is Koibe’s rtuictiun. On heating stHlium phenoxide under 
pressure with COj. sodium saiicykite is obtained, which is acidified to ipsc 
salicsitc acid 


QH»0“Na+-i CO, 


.Sod. phenoxide 



Mtthmlm 

Ao acoqpcahie mechanism for the KoIbe*s reaction coopts of the following 
Hlft fat which COt functions as an tdeciropbiic. 
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6 Htwur-TU'/tunu Rt.\Kiioir Isomeric h>dr(>xybcn /aldehydes, i,e , ortho- 
and pura-hythowheniuliKInJes result from the reaction of a phenol with 
chlttrofonn and base 



phenol * — Hvdrox>l'tn/aldehvde p— l{>drox>Kcn/«}- 

(itiajort ikhydc (minor) 

A viichlorucarbenc ii initialK formed ns follows' 

('HCI,+OH- CCl, f H,0 

CCi, *. CCIa- Cl* 

The sequence of reactions involvctl in the mechanism is shown below, 
Dichlorocarhciic makes an eleetiophllic attack on the phenoxide ton. The 
w— isomer is the in.«ior piv)duct It can he separated by steam distillation 
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7. Condensation with Phihalic Anhydride: Phencrfs undergo a special 
Frkdel'Crafts acylation with phthalic anhydride and sulfuric acid to form 
compounds known as pbthaleios. 


2 



Phenol 




Phthaieios arc an important cias^ of indicators a^ well as uycs. Phenol- 
phthalein. for instance, is colorless in the lacionc form below pH 8.5. but 
above pH 9,i.c.,in basic medium an intensely red colored dianion is formed 
1. Diazonium Coupling: Phenols couple with dta/x>nium salts in ba.sic 
soiotioa. The reactioo presumably involves an electrophilic attack of a weak 
electrophile on the activated aromatic ring of the phenoxide ion present in 
•Ikaline solutkm. 




Benmc dwzofkium chloride 


(} - 


/^Hydroayazobnnntie 


9. Mtiduetkm of ike Aromatic Hing: Phenolic propcftiea axe destroyed 
wfewotbefing i* reduced with Ht in the presence of Ni, to give eydohexaool. 
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Q-., Q- 

Phenol Cyclohexanol 

to. Ring Subuitution: tjectrophilic aromatic substitution on phenol is 
rather facile because of the powerful activating affect of the — OH group. 
In contrast the — OR group is less powerful an activator than ~OH. The 
reaction takes place on unioniacd phenol and oriho Atidpara derivatives 
are obtained. 

a. Nitration: Phenol can be nitrated in dilute aqueous nitric acid 
even at room tcmpciature and both ortho and para nitrophenoK arc formed- 



Phenol 


20 y. HNOj 
25“ 



«>-_Nitrophenoi 


-h 


p — Nitropherol 

(jsr;> 



The isomeric compounds in the mixture arc separated by steam distillation. 
i>-Nitiophcnol has a lower wlubiliiy in water but a high volatility because 
of intritmolccular hydrogen-bonding 



The lower solubility of o-nitrophcnol is explained by the fact that the 
hydroxyl group is not available R>r hydrogen-oonding with water. The 
acidity of nitrophcnols is as follows: 


0 -— Nitrophcnol 
m—Nitrophcool 
p — Ntuofihenol 
2 , 4 <«.Diaitcatphenoi 


R* 

6.8 ^ I 0 -* 
^. 3 .* I 0 “* 
6 . 5 x 10 ** 
8.5x lO-* 
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b. Nitrosation: Phenols can be readily nitrosated at low temperature 
in the presence of nitrous acid, p-nitrosophenol is the major product. 



c. Sulfonation: Phenol reacts with cone sulfuric acid ti>form inonosul- 
fonated products. The isomeric ratio depends on the tcmperalurc of the 
reacti«'n 



t*heoot 


At higher tcmperalurc predominantly /»-isonKf is foimcd because it is ot 
lower energy, compared to the or/Af» ^^^m 1 cr due to \te'ic interference of 
the builcy sulfonn. acid group. 

I, Halttgtnatlm: Phenols are readily brotninated in an aqueous 
volution form 2,4,6 — tribromopbcnol. Mostly p — bromophcnol i.s obtained 
by treatment of phenol with bromine in CCl, 



PiMtie) 


2v*>~Tribromophenot 
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Phenol r — HromophcnM 

c. t rtedel-Cr iff \ Reaction Fncdcl-C rc.fls alkylation results m alkv- 
l.ition of phenol Phenol itself reacljk \Mth aluminum thlorulc to form 
phcnoy-aliiminum dichlonde salt. This sail on heating in the presence of 
an acvl chloride leads to acylation produi^ts 


M 



Pticnol 


OH 



1 1 Fornwtton of Restns Forniafdeh>de condense^ with phenol io the 
presence of alkali in a way which is similar m some respects to aide! 
condensation. 



PiHMIOl 



p^HyiSi^^ymethyl phenolf 
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The pAsott»t reacts farther with phenol in the foUowint manner. 



This process repeats over and over again to form the final phenol-formal- 
dehyde resin known as Bakehte The partial structure of the resin is shown 
below: 



Bakelitc is a thermoaetung plastic and is used in making radio and 
telephone equipments. 

12. On heating phenol with /me, benreae distils over leaving ^o|tg zinc- 
oxide behind. 


OH 




Alcoholii and PhenoK 3M 


14.23 USES OP PHENOLS 

Phenol in a dilute aqueous solution is used as antiseptic and disinfectant, 
as a law material for the manufacture of bakclite and for the manufacture 
of several chemicals such as phenolphthalein, picric acid and cyclohcxanol. 
It is also used in the manufacture of dyes and aspirin Certain phenols such 
as 2,6>di I — butylphcnol andhydroqumone are used as inhibitors. Phenol is 
a constituent of cuticura ointment which is often used for the Usaiment of 
skin marked by itching. 


14.24 QUALITATIVE TEST FOR PHENOLS 
Phenols aretseakly acidic and thus soluble in %trong bases such as NaOH 
They also give colored solution with 5 „ 1 eCl^ solution Formation of a 
feme complex takes place. 


6 C, 11, OH . Fci'l,— ->3H‘ 



31ICI 


The reaction is favoied in p<»lar solsents lorn..ition ofphthalcins 
between a phenol and ph(h.ilii anhydride h..s already been described on 
P ISd, 


14 25 CRESOLS 

C resol (Issol) IS iJk commtni name (or the ineth>l dcnvaliscs of phenol 
These tictur in the middle oil ft,t..t>oB of coal lar 1 he lhi« isomeric creioK 
have the following structures 



o—Cresol 
bp Wl* 


m— re>ol p — Cresot 

201“ 




Preparation 

1. Sodium P'tolueitesolfonatc, on fusion with NaOH and subsequent 
acidification, yields />-Cresol 


0 S<^o* 


J30-J00* 


H 3 C 

t 04 . #~>tOlMMI||ir«Mt« 



OH 
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4. Ether Formation: An ether results from the reaction of /vcrcsol 
ami /r>nitrobcnzyt bromide in the presence oi dilute sod. hydroxide. 




r\ 


H3C* ^ ^ ^ OH 8r CH? ^ NQ 2 


/» — C'resol /»— Nifioben/d hroinidc 


NaOH/A 




p — Tolyl nrtrobtiml ether 


£ 


Uses 

CresisK are used as disinfectants and in the synthesis of industiial chemicals 


14 26 CATECHOL 

(\itcchol IS o — dihydr<t\ylxn/cne 


Ft ! pm anon 

I Catechol is preparetl bv the cKms ijis ol the cth^r linkage ot o-hs 
d'oxs.inisoli with HHi 





2 A ci'nvenient ssnthesis of catechol is the fusion of the sodium s.iU 
ol o-h\droxvKn/cmsu!fonts acid with NaOU and subsequent acidification 



N»OH 


o — IlydrAvy sodium benzene 
sulfonate 





OH 


OM 


Caiechoi 


Reactions 

1. Catechol is readilv oxidi/cd by AgjO in ether to o-ben/oquinooe 



Asi?0»tther 

No.sSO* 



Catechol 


o— ftenroquinone 
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2. Catechol condenses with phthatic anhydride in the presence of sul- 
furic acid to form alizarin, a dye. 



Vsts 

Catechol is used in the preparation of alizarin and as an oxidant in gasoline. 


14.27 RfiSORCINOr. 

Preparation 

I. Benzene, on disulfonation with hot cone, sulfuric acid, produces /»- 
bcnzcncdisulfonic acid and res«>rcinol is obtained on fusion with NaOlf of 
the sodium salt «'f the acid 







r 


SO^H 

A 


SOI** 





Benrene Resorcinol 

Reaction t 

1. Resorcinol undergoes F.C. ac>lation in the presence of a mild cata- 
lyst such as ZnCl(. 



om 

.A 


■'V 




- 





Caproic acid 2.4 — Dibydroxyphenyt — 2 — pentjrl ketone 

On CIcmmenscn rcductum it yields 4-«-hexylresorcinol. 

2. Kolbe's Synthesit : With CO* in basic solution rcsoicinol forma a 
carhoxyltc ac»l. 

Sy^OH SyX^OM 

<00*“W(J* tOOH 


RMordooi 


2,4— nihydroxyhnaoic 

•cM 
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3. Resorcinol condenses with dijzoli/cd sulfanilic acid to form resorci- 
nol yellow, a dye. 



Rcsori.inol Ke^orcinol yellov; 


4 Gimdcnsation of rcsotcmol ssith phthalic anhydride lu the presence 
of suifhric acid gives an intense fluorescein d>c. 



Kesoicimjl I Iitorcscein 


■S. RcMncinol with tone, nitric acu. and sulluncacid yields a tiinitio 
Uciivativc 



Uses 

Resorcinol is used in the preparation of dyes and its derivative hcxylrcsoici- 
nol IS Used as an antiseptic. 

14.28 PICRIC \CID (2 4 6— Irmitrophcnol) 

Preparation 

1. Picric acid c.tnnot be prepared by nifiain'ii of phenol as numerous 
oxidation pioducls arc obtained A possible .outc is iiitiatmn of chioiiw 
benzene to give tnnitrtichlorobcnzcne followed by its hydrohsis with 
NaHCO, solution. 



Chlofobennos 2,4,6— TYInttrepiienoi 
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Reactions 

Picric acid forms \cUow crystals, m.p. 123° und has a bitter taste it is a 
very strong acid because after the loss of the proton the oxyanitm is highly 
stabilized by resomnee. The hydroxyl hydrtigen can be replaced by a metal 
and the resulting picric acid salts are called picrutes. 

C,H,(N0,),0-Na+ l,Ca*‘ 

Sodium picratc Calcium picrotc 

Picric acid also foims adducts with aromatic hydrocarbons of the charge- 
transfer type. These are intensely colored substances and are used in the 
identification of aronatie hydrocarbons. 


QUESTIONS 

14 I Write .short notes on the following: 

Absolute alcohol, destiuetise distill.ition of vvood. p»iwci aleolioi 
Reimei-Tiemann reaction, acidity ofphcimis and fci mentation, 

14.2 How Would you oistiiiguish between the fidlowing pairs’ 

a /) — (.'ksoI and ben/yl alcohol 

b. Phenol and cycloh};x.inol 

c. Ethyl alcohol and methyl alcohol 
il. 1— Pcntani'l and 3 — pcnianol 

1 — Propanol an.J phenol 

14.3 Write struetuial formults for all the Homcrie alcohols of formula 

and sUt’gest their lUPAC names. 

14.4 Write the produsls of the reaction of /—butyl alcohol with PBr, 
cone. H*S 04 , C:n,COCI. Na. CU,MgBr. Na,Cr, 0 ,'H,S 04 . 

14.5 Write briefly how ethyl alcohol can help alleviate thee nergy crisis. 

14.6 Arrange the following alcohols in order of case of dehydration. 

(c;h,),cohch, 

14.7 Oflor explanation for the foltowiDg observations : 

a . Why is phenol unstable in the keto-form? 

b. The following dehydration is oitrcinely facile . 
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s. Why titKS thronyi chloiitio pi'tvidc uikyl Lhlorulcs of high 
purily'' 

d J? — Methyl — 2-— pcntamd dih.dral'.s than 2 — nKlhyl — 1 

— pcntamil. 

t Phenol is lutdis. but vthyl alcoh«)l o ncutial 
f r thanol itsponds to iodoform but tort, butanol uocs not 
g. A tcitiaiy alcohol reacts fastci than a p'lmary alcohol in the 
I ueas test. 

14 8 Illustrate by \sriting chemical iquatnai'' how ethyl alc<.ih«>l and 
phenol diflet ot behave similaih towards the following reagents: 

K NaOH. PHr,, HBi K:I SOCi^ and ( ll,COOH H* 

14 *) Hi w Will vou effeel the following conve 1 iion ’ 

.. 11/ -LUj ♦iHi— (H.. 

I i 

OH OH 

I, Cifr/)H -I- ( H,CH,ai.OH 
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k CH,CH,CH,ar,OH — >CH,rn -chch, 

i)}f OH 

14 10 Poblulalc a mechanism fur the following reaction 


14 1! a Wh> ethylene glvcol h.tve a higher boilmg point than 
<litnclh)l cthir' 

b How would you convert cyclohcxcnc into 1 6— hcxancdiol 

U P What aie phenols, and how are they class ifted ' Give two incthods 
" for the large-scale preparation of phenol and its 
phenol be converted into p— hydroxyazobcnzenc salicylaldchyde. 

and ortho acetyl phenol? 

14 13 Give the chemical tests for phenolic and alcoholic groups m an 

organic compound , ^ , u t 

14 14 Outline a mechanism for the acid dehydration of ethyl alcohol. 

14 15 Give two methods for the synthesis of ethylene glycol What ate its 
ohvsical and chemical properties* Mention its important uses, 

14 16 How docs glycerol react with a. HI, b (COOH)| and c Cone. 

HNOr 
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14* 17 Give a detailed stepwise account of: 

a. The industrial preparation of ethanol from molasses by fer- 
mentation. 

b. Conversion of ethanol into ethylene and iodoform. 

14. 18 Describe the industrial preparation of phenol. How can it be con- 
verted into: 

a. picric acid, b salicyclic acid and c. phenolphthalem? 

14.19 a. How IS phenol obtained? How would you convert phenol to 

(i) ben^ccnc (ii) aniline and (lii) cyctohexanoi? 

b. Suggest the 8>nthesis of isomeric dihydroxybenzenes from any 
suitable starting materials. 


14. 20 PrcdiCt^ the product of the following reactions: 


OH 



CH.OH 

KMnO*. OH- 




$)t A t«iboek of Onwic Cbemistty 



U 21 List th»’cc methods with pertinent chemical equations tor the pre 
paration vif aleohtils from alkcnes. 

14 22 Dchsdration of .1 ’■dimctbyl*3-hut4nol leads tr» two ailciics ncithei 
of which IS (CH,>,CCH CH,. What arc their structiiics' 

14 23 Which of the following alcohols would icact faster ‘*'ith Lucas 
reagent"* 

C«,CHi(JH,CH.OH CH,Cll,CHrH, CH,<'HCH/)1L 

ill CH, 

Cl I, 

Clf,-C— CH, 

OH 
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Ethers and Epoxides 


Organic compounds represented by the general molecular formula R — O— R 
are called ethers They may be represented as alkyl or aryl derivatives of 
water. I poxiiies are the cyclic ethers in which oxygen is 'tcorporated into 
a thrcc>memhcred ring. As a class, ethers arc relatively unreactive but the 
epoxide ring can be easily cleaved because of angle strain Ethers may be 
aliphatic oraiamaiic and the alkyl groups may be identical or different. An 
ether linkage is present in many naturally occurring important compounds 
such as the following. 




O 

/ \ 

(CH,),CH(CH,),CH CH(CH^H, 

Sex atrraviant of the gypsy moth 

Ethers may be cla&siitcd as symmetrical if the two groups are identical 
and uasyrometricAi if the two groups are dif^reat. 

15.1 NOMENCLATURE OF ETHERS 

The common name of ethers is derived by naming the alkyl groups and 
adding the word ether. The smaller group is written first, 

CH,OC*)U 

Methyl ethyl ether (uasytnmeirical) 


C,HiOQCHj, 
r•—Butyl phenyl ether 
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CH,OCH*CH,CH, CjHjOCjH, 

Methyl propyl ether Ethyl ethertSyimnetrical) 


In naming symmetrical ethers it is not necessary to write the prefix di 
The lUPAC nomenclature is rarely used. Fthers are named as alkoxy- 
olkanes. The larger alkyl group is chosen as the stem. 



OCHjCH, 

C.H.Ot'H, 

An. 


CH,OCH,CH, 

CeH^OCH,CH, 

Methoxyethaoe 

1 — Lthoxyi>fopeQc Anisotc 

tthoxy bcn/ciic 
(Pbcnctolc> 


H pCHjCH) 



CH,Clf,CHCH, 

I 

O 




A 


-CH,Cl 


Lthoxycyclohexaae 


Ir^clopropoxybutanc 1 — Chloro-—?,^— epoxy- 
propane tEpichlorohydiinl 


15.2 PHYSICAL PROPEBTIES OF ETHERS 

Dimethyl and methyl ethyl ethers are g^ses whereas ethyl ether and higher 
homologues of the aliphatic scries arc liquids, Ethers arc weakly polar 
because the C—0 — C bond angle is not exactly 180**. The boiling points 
are much tower than those of alcohols of the same molecular weight, 
because the hydrogen-bonding available in alcohols is not possible in 
ethers since ttey cannot form hydrogen bonds with each other. The 
mobculea of ethers are thus unassociated with water. Ethers am soluble in 
water to some extent, for instance, ethyl ether and 2~butyl ethef are soluble 
to the extent of 10 g/100 g of if|0 at 25*. This is because of their capability 
to form hydrogen-~bonds with water. 



H 
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TnU* 15.1 Pbyaical CoutMti of Etbcn aad EfoxMcn 


Compound 

mp t*C) 

b.p (*C) 

Methyl ether 

-140 

24 

Lihyl ether 

--1I6 

-34.6 

n-Propyl ether 

122 

91 

n-Butyl ether 

- 95 

142 

Anisole 

37 

154 

Phenetole 

- 33 

172 

]>4-I)ioxaric 

11 

101 

Tctiahydrofuran 

-lOsS 

66 

) Chvlcnc oxide 

-III 

11 


\Toniauc r... on the other hand, are either liquids or solids. In contrast 
to alcohols, ethers di> not react ^\ith sodium metal Lthers arc usuail) 
tmplovcd as solvents 

153 PREP ORATION OF ETHERS 

The following general methods may be used for the preparation of ethers. 

I Williamson’s S\nthesis This is a general method for the preparation 
of high molecular weight and aromatic ethers It can also be adapted to 
prepare simple and mixed ethers This procedure Involves asS;v2 attack of 
an alkoxidc ion on an appropnafe alkyl halide and is illustrated by the 
following examples. 

2C,H,OIf i Na ► 2C,H,,0-Na< H, 

C,H,0-+C,H,Br C,H,OC,H,+Br 

Na CH.I 

C,H,Oir *. C,H.,0-Na* ► QH^OCH, i Nal 

Anisoie 

K C H Br 

(CIlaJjCOH ► tCH,),CO-K+ — ^ 

(CH,hCOC,H, 
/—Butyl ethyl ether 


2. Fwn Alcohols: This method is used to prepare symmetncai ethers 
from primary alcohols in the presence of excess cone. suKhric acid. 


H,SO* 

CjUjOH i HOCjH* ► C,HtOC,H, 

140* 

Uhaoet 


Diethyl ether 
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Above 140”, i.e. around tSO” dehydration of alcohols takes place and second- 
ary and tertiary alcohols undergo dehydration predominantly An 
exception to this is in the case of a mixture of alcohols when one alcohol 
is tertiary and the other primary or secondary because a tertiary carbonium 
ion is formed readily to yield unsymmetrical ethers. 

(CH,)^OH f (CH,),CHOH (t'll,V 

r— Butyl alcohol r Butyl m«» — propyl ether 

3. From Grigntirti Reagents: An ether may be pioduced by the action of 
a Grignard reagent on a halogenatcd ether 

CH,OCH,ClfBrMgC‘,H, »• CH,OC'H,CH,CIIa-i-MgBrCI 

Methyl piopvl cihci 

4. Aromatic ethers arc obtained from phenol, on icaction with dimethyl 
or diethyl sulfate 

NaOH 

C;HiO“N'a‘ * Cf}j,O.SO,(X H, C „ll fX II, CM, OSD, N.O 

Sod, phcnoxidc So«l. lueihvl sulfate 

5. Through a Benzvne Iniermediute r-Butvl alcohol adds t„' ben/vnc to 
produce /'butyl phenyl ether 



K*0<:(c»ij 


■’-* C 


MOCtCHy y 






'V 

I 

H 




Eromohen/ene 


f — Butyl pKcn\l ether 


6. In the preicnce of fluoroboric acid, dia/omethane and alcohols (or 
phenols) react to jtive excellent yields of ef hers. For example, /i'— hvxvl alco- 
hol if easily converted to methyl hexyl ether by this method 

CH,«»N*-N ! ^ — ►CH,N*^‘’sNBF« 

Diarooietliane 

N, fHBF« 

\$4 DirOlX MOMENT OF ETHEBS 

Jf an ether molecule is linear the electric charge in it would be symmetri- 
cally dktriboted aitMmd the tf»y§Ba atom. The molecule, thus, would have 
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no net dipole moment. But ethers do have dipole moment (for diethyl 
ether (to - 1-12) revealing the angular nature of the molecules. Indeed, the 
bond angle in ether is around 118°. 



An ether 


15.5 RE.\CriONS OF I-H'HERS 

1 Autoridution: Ethci s undergo autoxiJulion, i.c , they react with atmos- 
pheric o\)gcn to form peioxidcs. This is an undesirable reaction of ethers. 

O— Oft 

rH,V'lfOCH(CH,), ► ((TM,<!o(’H(CH,), 

ni-isoprop\I ether <a h>dropcTOxide) 

Nil ethcfs exposed to the atmosphcjc UNua!i> contain peroxides Peroxide-s 
are ha7ardous because they explode violently on heating. During distdiation 
of an ether, the re.stdue in the distilling Jlask becomes rich in pv'roxidcs, 
therefore, ethcr.s should not be distilled to dryness. The presence of peroxide 
in an ether can be detected by shaking a small volume of the ether with 
aqueous potassium iodide solution A characteristic purple to brown color 
•ippcars due to the oxidation of iodide ion to iodine by peroxides 

Mechardsm 

Autoxidation involves the following free radical chain mechanism. 

(CH,),CHOCTKCM,), 1-R* (CH,),CHO(CH,)/:' -|-RH 

(CH,)^HO(CH,liC- O, ► (CH,),CHO(Cir,),C -0-0’ 

(CH,),CHO{C'H,),C - O -()• i (Cfg,CH(XTI((’H,)» ^ 

(CH,),CHO(Cfr,V'OOII • (CTy*CHOtCH,)^' 
la h>dropcra\ide) 

2. Heofthn with Acids: Ethers as a class arc inert toward many re- 
agents Dilute acids have no eflect but ethers are cleaved by strong acids. 

a. Hot Cone. HBr: Two molecules of alkyl bromide result on boiling 
an ether with HBr. Initially a molecule of alcohol is also formed which 
reacts further to form a second molecule of alkyl bromide. 

IJW-I-W* 

— — ♦ 2C,HtBr-t-HaO 


C^HfOCiHii *4- 2H Br 
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Mechanism 

Ether first dissolves in the acid due to its basic nature with the fornation 
of an oxoniuin ton. This is followed by a S/v2 reaction with the bromide 
ion functioning as the nucleophile and produces ethyl bromide and ethyl 
alcohol 


C.H,OC.tf.+HB r; ^ 


Br- 


I, 


C.HiOC.Hj+Br 


C,H,Bf-»-C,H,OH 


In the next step the ethyl alcohol so formed reacts with HHr to produce a 
second molecule of ethyl bromide. 


QHsOH-j-HBr 


O-K >C,H.nr+H,0 

H 


Cydic ethers arc opened by HI or HBr b' form the corresponding dihaitdcs 

HI 


THF 




t,4~n{KlohutiU)c 


b. Hot Com-. H^O^. Secondary and tertiaty ethers in hot cone, 
suifuric acid form aikenes. 

CH, CH, 

I Conc.H/X>,,^ \ 

CH,-C-OCH, C-CHj+CH,OH 

Methyl Mwiyl ether tse-Botytene 


(2r 


OCtC^^lj Cone 


Jr C»CH2 

/ 

CMj 


Cyolopeotaaol 


/-..Butyl cydopeat yl ether 

KmMkm with Lewis Aeidr. Becnase of the unpaired dcctron on the 
oiyiatt etiMff from cotBpleiiei with Unde Mide. 



I'thm and I ptixidc% *^8^ 


C*H* 


C,H, 



' a* ■ i 

\ 

•0+ -BF 

/ 


3. Cfihrination: When an ether is treated with chlorine ot bromine, 
subbtitotion takes place. The hydrogen atom attached to ilu- carlion atom 
directly linked to the oxygen i.s the one that is readily teplae.d I thsr, with 
chlorine in the daik, yields 1,1 —dichloiodieth>I ether 


Cl. { I, 

t’H3C;Hi()C’H,CH, — “> CHjCHaOC IIClCH, - -aCH ( IK lot HCK n. 
I>icih>l ether 1,1 — iiichlo'odittl s' tihtr 


4. ELdn-philn Aromatu Sub^utuhon: Amst>le undergoes, .iromatic 
Mibstiliiiion ni the bcn/i no ring The — 0< H, groun u less p >wciful a\ an 
a- tisatinj* group than —OH though it is n|s(' ortho and pur<i diieamg. 
The lebults of nitration of anisole are 'm\i n b !<>,>, 





'./Cm i 


' 



UNO, 1’® 

»IN<» AC'/), 10' '1 




S' 







15.6 l'SK.S OV KTHFRS 

I'.thyl ether (simply c.»lled ascthcrl is used jncdic.tH> as an anaesthetic an.: 
this was fust demonstrats'd in 1K46 by Dr. William vtorton of Boston. It is 
also Used as a solvent in the laborators foi Citign.ird reagents and for ex- 
traction of products from oig,iiiie ssiithtsis In industiy its use is rather 
limited because of its high intlanimabilitx 


15.7 KTIIYIJiNK OXIDE 

Fibylenc oxide (UJI’AC name oxir-me) is a three- merabei eel tq^cltc epoxide 
and was first syiithcsi/cd by Wurtz in l}$59. It is, in general, a ver; useful 
synthetic intermediate, ft is a highly sti. .nvd ring compound .tn«l i< c.i'iK 
opened by nucleophilic and electrophilic reagents 

PreparutU’n 

1. There ate (wo import.snt commercial proccssca available for tlu 
prcparittion of cihvicne oxide, 

a. direct oxidation of etbvienc in the piesencc of Af^O catabst 
in a yield of 54*.',. 
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Cll, 


Ag,0 

-! 0 » *■ 

too® 


CH, 

\ 

/ 

on 


b The i>econd method include^ the leaction of alkcncs with pcracids 
like perbenzoic, peracetic and m — chloiopcrbon/oit acid, etc. This process 
i& known as t'po\tAifion 


O CH, 

CHj CH,Ci, 1\ 

f OOff I O . (’gH,COOH 

CTl. r<•lu^ 1/ 

C'H 


This is the iiiONt commonly used method in the laboraioiyfortbc prepura- 
tionofepoxidcs \inong the \arious ncracids /»--chioropi.rbcn/oic acid i** 
preferred and is conim« rcialls available as a colorless cr>al illme scdid 


Afechanum 

rpoxidatioQ IS constdeied to proceed b\ an dectroplidit ittack. ot the 
acid on an alkencs 


• / M 


It IS A stcrcospctiflc rcjctii>n and a </r-additfon 

alkcnc yields only a as — epoxide and a mj/i5r*alkcnea /r<rifw*cpoxid<!- This 
U exainplified by the cp^uidation of isomciic butenes 


H 




'•-I 




I 



»* f 


I 


I 




i 


» riyr • 




1 “ «“c 

, - j > 4 ' 

4.. 




The epoxkJitbHi reaction 

i% accelerated if electron— donating groupa are 

fMMcat on taene. 
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2» Epoxides may also be obtained coinincrcially from chloioh' duns by 
ring closure in the presence of a base 


n 







CO — 2 — Butene 


/ru/K-"' Wbimuhyl 
"^ir^nc 


c 

n 

H CHj 



rN 

\ 


i 





H 


ruw^— B\ittnc 


a — 2 ' — D i ^tMvl 


3. from W-hromo^uninmiide \ useful method of p'-tpariny ep^^Lidcs* 
IS tic»m alkcius and N-bioinosuccmimiJe. 

o 

u 

tSclohcxenc oxidc Sui-vim'rnli 

Rcn<iiim\ 

1 Rinn (fpeninff Opening of ihc vthNknc oxide iing rcK*.ise» strain 
and piosidcs ,t driving fonc for the loaction 

a Acids cleave the ling isading to tl< foinution of 1 2*ghcol ind a 



Cyvlohi xcT c 


) 

'-'HiC \ 

1 ^NBr 
CH2 C 

s 


N»S 


CH^ CH^ 

\/ " 
0 

Rthytene oxide 

front glycol w fufmed. 


V M 
1 

w 


Cms 

H 


1 thy kmc gKol 
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Mechanism 

The initial step is the protonation of the oxygen atom to form the oxonium 
ion. Then attack, of a molecule of water and subsequent loss of a proton 


CM2 - CM2 

\ / 

O 


otJ 


I 

t 



1 i " 

OH C'll 


vjclds the protiuct, trims — Epoxulc opens to lonn a m« so gist ol >^hilc the t z^- 
Ipoxidc aifTorils a d I pain of diol enaniiomcts SffU\.tuics (f) anti (If) die 
Klentka! anti rcprL>erit a me^o tiiol 


H 0 CHj 
‘« / \ • • 
c c 

/ \ 

Hy: H 


f 


* 


: CM, 

c — c — 

, t>A : 

Hii U 

^ I tl 


t 

.1 


\ 


r-am K 

.n 


[ rtn% — I p*m(Ic 


b. The nng may tKo b. opened by inethyliithum or Ortgnard 
taegents 


^ Xw .^y/TcHjMqBr ► CMyCt^CHjOMqBr CMjCHjtMiOW 

Ethyleaa oxide Propanol 

A* noticed in the above reaction* a symmetrical epoxide can be cleaved 
by an acid or base by attacking at other carbon atom. However, if the 
epoxide ring K unsymmctrically *ub*:itutcd then m acid medium the 
iittcleoobile attacks the most substituted carbon atom. On the other hand 
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in baste medium the attack by a nucleophile takes place at the least sub- 
stituted carbon. This is illustrated for the ring opening of 2,2 — dimetb>l- 
oxirane. 




< lIpH, H+ 


1 

1 


n.c\ 

>C-(:HaOH 

Hat" I 

OCH, 


( li-jtJH, 0( II, 
^ 


HaCv 

>C — CHjOCH, 
HaC/ , 

OH 


c ScVcmI other reagents Mimlarly open the img, anvl arc summarized 
below 


IlCN 

, V CM.-C 11, 

' I ■ I 

j t>H ( N 

! JIOt'Hj 

!► CH,— CH, 

! I 

' OH <KH 


t ih> Icnc 
oxide 


HNHo 


■> ( H.— CH. 

I ‘ i 

OH NH, 


t'HjNHj, 


CHi— CH. 

I t ‘ 

OH NHCH, 


ou- 


1 H,— CH, 

1 I 

OH OH 


II 


/N 


IV 


CH,~CHi 

1 i 

t>H ^ 

HSCU,CH,OH 


^ — < yaiioethanol 


. 1 — .Methoxsetbanoi 
(ccllosolve) 


t“l,thani>lamint 


N — tmctliylamino) ethanol 


I thylonc glycol 


1 —1 lydroxyethylazindmc 


2— Mcruiptoethanol 
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2. Ethylene oxide is thetnudiy unstable and isomcrtzes to acetaldehyde 
at 400°. A drop of sulfuric acid dimcri/es ethylene oxide to dioxanc which 
\iith bromine forms dioxanc dibromidc 


O 0— ' 

w 


•Br-Br 


Mechanism 


( ^ 

- 

CH2— -CM2 *.CM2Cm2-0 

V V, i ^ 


f 

LH2 


— 0 o'-.-o, ? 

' _ ' V. . 


J. 1 he reacts m of ethylene oxide with sodium ihiocyanatc (Na( NS) is 
accompanied by the fuimation oi thiirane, a three — mcmbeied iing contain- 
ing a sulfur atom 


^ 0 

^ N . 

Crf < Ms-f' Na*NCS 
) tb>!ene tnidi 


S 

\ 

_*.CM^ X.H2 HVCO 

I htirane 


Mechanism 

The mechanism of tht» leaetion proceeds through a series of equilibrium 
steps 


NCS 




lAhcrs <ui«] i poxKie& ^vt 


USES 

Ethylene oxide is used in the manuTacture of solvents (cellosolves, i e. 
chemicals which contain both hydroxy and nuthovy groups) and as a raw 
material in the resin industry. 

QUESTIONS 

15 1 Suggest appropriate names for the following structures 





e < H OCiren (X,H,CH.OH 
d BfCn.tX'II.lJr 




i. CHiCHiCO 
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15.2 l.'\ plain why / \ •!* niuch more soluble in water than 



15.3 What chemical methods can be used to distingtiish bLt«ecn the 
following pairs of compounds 

a. Methyl ether and ethanol 
b Ethoxy ethanol and methyl wopr4>pyl ether 

c. Hut>l iodide and butyl ethyl cthei 

d. Ethyl propyl and ethyl ally I ether 

e. p — Me thoxy phenol and p — nicthoxyben/yi alcs>bot 

1 ' 4 Write a mechanism lor tlu f irm itum of 1,4— ilioxanc from ethylene 
o.xide. 

1 5 Describe the important prcpaiation and properties of ethylene oxide 

15.6 Write the structural I'ortnulas for all the isoniciic ether* of the 
foimula C II, jO. 

15.7 An organic cornpound with the niolcculai E iimija ( ^hov^^ 

the properties ol both an alcohol and ethei. When treated with 
excess HBf it yj-'ldv only ethylene dibiomulc. Suggest a stiucture 

15 8 An unknown ether is cleaved by HI to gisc two iliirercni alkyl 
iodides A and li A cimt ors 89 4 iodine and b contain* 81.41 „ 
iodine. On hydrolysis wiiii vviuc pot hydioxtdc s,4uti<in H. gives 
.1 gaseous hvvirvK -il>> n. Suggest a stiucture for the oiiginal ether. 
15 9 W'ritc equations foi t!ic reaction o( ilj^' C'lK 'ITCH. OH with each 

I 

OC'lf, 

of the fv’llowing reagents' 

a. Excess ilBr and heat 

b. dilKMnO* 

c. Bromine 

d. Potassium metal 

e. Dilute soditim hydroxide 
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Thiols and Thioethers 


Suitor analog's of altohoK and ethers arc knovMi as thioalcohols or thuds 
and thioctheis lespcetis^ly Sulfur is divalent in all these compounds, even 
though sulfur has Vainus oxidation states besides 2 The pr(Ji\ t/ilo is 
soinetimts used to eh iiacun/c these compounds 

16,1 NOVir\< lATLRE 

Thiols arc commonly called nurcapians and a simple thioalcohol is named 
as mercaptan sunilu to llu alkyl alcohol system of nomenclature. 

( H,SH CH,CH,CH»SH 

Mcihsl mcicaplin PiopsI mercaptan 

III tile lUPAC svsum tlu> arc called alkaiiethioi and the alkane name is 
comhincu ssiili the sutlu thiol 


SH 


rclhioi 


Slf 

I 

CHiCHCHCCH, 

— Xfethvi — 2 — pcntancthio) 


ill the tiivi i| nomc chturc thioethers ate called '^ulfidcs and in svrittng the 
name the tsso alkyl gioups are tollowcd bv the word sulfide 


C.HjSC.H;, CHSCH^dl, CHj -CHCH.SCHiCH 

OicthsI sulfidi, Mcil'>i ithsl suUuU ISialisl tuindc 


According to the llIP U nomenclature, tbuscthcrs aie named as alkylthm 
alkanes The puhit alkilthia is similar to uiAovy-and alvrays refers to the 
group RS, as in the case of ethers The larger of the alkyl groups is taken 
as the stem 


CII,CH*CiriSCH,C H,CHi 

CH,<.Tr,SCH,CfK H,CH CH 

in, 


i 


1 — (Piopylihio) propane 

2— Mcth>l~l~(cihylthio) pentane 
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lfi.2 PHYSICAL PROPERTIES OF THIOLS AND TIIIOETHERS 
The sulfur compounds arc highly disagreeable to smell For example. 2 butyl 
mercaptan (CHjCHaCHCH,) is responsible for the odor of the Skunk'!, 


defence mechanism Diallyl sulfide is the chul sonstitucnt of oil of garlic 
and IS also present in unions Thiols and thioethers have boiling pomts 
somevsbat higher than those of alkanes of corrcsptmding molecular weights 
This IS accounted for by the lotermolccularattraction of molecules of sulfur 
compounds because of the C — S dipole. Thiols also have lower boiling points 
than the coiresponding alcohols because of weaker intei molecular hydiogen 
bonding in thiols .is the sulfur atom is much kss electronegative than 
oxygen 

Fable la 1 MerrafUaw or Tbiolo 


< ompi‘‘unil 

ni p 1 

b p. ("'t ) 

Mtthvf n crcsipian 

i:** I 

“ < 

1 ihyl nicrLjpun 

i:i 


ff — Prop>l ntcriarun 

Ul,5 


Piop)! nKtL4pUs 



II — Butyl m«f uipu^ 


OV 

/ju — Butyl m^rcuptan 


SM 


TaU« lb.2 SailMtf or IWoetben 


CUMOPOUIKI 

m p (*€*) 

bp ('Q 

Duaetbyl nilfide 

-83.2 


Diethyl sulfid* 

-J02.1 

v: 

DifMOpyi 

~t01.9 

142 

pfhutylsatflde 

-79.7 

185 


TbJoalcofaol* loluble In water than are alcohols. 
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16.3 PREPARATION OF TIIIOALCOIIOLS 

1. Oa heating an alkyl halide with sodium hydrogen sulfide, the halide 
group is replaced by hydrosuljule ion (SII-) by a displacement reaction. 
Ethanol is used as a solvent. 

C.HiOH 

C^Hjl ( Na^Sn- »■ C JlftSIH- Nal 

l (hyl I liciocthiol 

ioUkJv 

2. Reaction of a Grignard reagent with sulfur yields a thioalcohol. 

CHa Cllg CH, 

\ \ HCI \ 

CMgBr + S« CSMgBr ► CS— H -i- MgBiCI 

/! /! 

CHj H C\U H Cii., H 

I'O — Propyl magnesium «<> — Propyl mercaptan 

I'rofiiiiV 

16.4 REACnONS OF TIIIOALCOHOLS 

1. Oxidation: Thioatcohols arc easily o.vidi/ed to disulfides and onU 
a mild oxidizing agent such as I^, H.Oj or CuCI^ is required. 

:c,ii,sH I, 1 . c.HsSscyti 2 hi 

:(,u,sn 11 , 0 , — -►c,H,ssc,if, 2 h,o 

The revet sc reaction, i.e., the cleavage of the S—S bond takes place with 
ease by mild reducing agents. 

Zn.atjCOOH 
2C’,HaSH 

VVIlh KMnO, (a .stiong oxidizing agent) a sulfonic acid is obtained 

0 

't' 

5C,lf,SH ■ 6 MDO 4 - > 5C,H,-S— OH + 6 Mn^^ + 9H,0 

1 

O 

2. Although thiols ate weak acids, thi. form salts with sodium metal. 

2(\H.SH i 2Na — ► 2C,HjS“Na^ Hj 
Tthyl riKKJil'faji Sodium n^ercdptide 

Formation of Thioacetal, Thiols coodense readily with aldefaydes to 
form Ihioacctal. 
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O 

/ 

CH,CH,C -h2CH,CH,SH 

Fropionaldeh>ilc 


SCH,CH, 

> CH,CH,CH 4 H.O 

\ 

SC’HjCH, 

Pri'pionaIik'b>dc dicthytlhioacciai 


\\ ith ketones (acetone) they form Retail which on oxidation yield sulfooal: 


CH^ 

CH, SCH,CH, 

C O * 2Cjll»SH 

V' 


CIU 

CH, SCH,CH, 


Xkctofic dicthxl thioketai 

CH, SO,CHCH, 



KMnO« \ / 

CH, SO.CHjCH, 

Sulfoaa' 


4 J ormJtton 0/ fhtoi'sfcrs’ In the prcsiiKc of a niiucr.il .icid i.it.ilysi. 
(htoalcohoK react with carhoxylic aetds to form thiocsters 


H+ 


C,ir^COOH 4 H.SC\H, 

1 thvl nttriapunc 


O 

cvf.cscvf* • HA> 

I tlivi ihi.'propu'fi.iU 


5, Rvdu>.tin’ I'leavagi: With Runex ntckd the C — S blind is broken and 
replaced by C — H; the process is also known a» di iutfunzaiim 

RSH r NhHj) •- RH 4 NiS 


16.$ USES or THI0AI4;0II01> 

Thioak^ihols or mercaptans are used as intermediates in the Sjfnthcsis vd 
vat dyes and in the preparation of hypnotics (sulfonal). Meredptans like 
CCi« enter into radical displacemeot reactions with growing poiygier chains 
and are called chain transfer compounds 

16.6 WUEPARATIONOFTHIOrrHERS 

1. On heating potassium sullide with an alkyl halide, a Ihloether is 
ohtaJiwd. 
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2C»H,I + K,S i 2KI 

r.thyl iodide Diethyl sulfide 

2. S/v2 displacement by uikylthio union on alkyl halides, similar to 
Williamson synthesis, results in a thioethcr 

rH,( H,SH i-OH' ►CMaCHaS » H,0 

1 thy) mcicaptan 

Cir«CHiS- + CH,C»,CH,Br CH,CH.SCH,CH,,CH, 

I th>! propyl sulfule 

Sulfur compounds display greater nucleophilic reactivity than their oxygen 
analogues and substitution often occurs un.ier mild con.'iitions. 

16.7 RKACTIONS ()!• iHIOKTlir.KS 

1 Oxhtation Suilidcs arc v'xidizcd first to sulfoxides which are converted 
to sulfonci I.. ;h*’ presence of oxidizing agents 



O 


‘V*s / 

(C,lf,),s (C,H,)*S-0 


Dicthsl Diclhvl 

sulfide SulfsAide 

Diorhvt sulfenc 


Other oxidizing agents such as potassium permanganate, nitric acid, etc, 
bring about similar changes. 

Sulfoncs arc neutral crystalline sub.sianccs and vc.y stable. They are 
sejy dilficult to reduce. 

2. / ormation of Sulfonium Salts'. Sulfides react w ith alk> I halides to form 
sulfoiiium salts. These salts on heating decompose back to nikyl sulphide 
and alkyl halide 


(C,Ifi)i,S+C,H.l tc,ius*i- 

Diciiiyl sulfide Inethsl 

stiiroiimm iodide 

.1. Reductive Cleavage'. Analogous to i..ircaptans,this>cths'is (or sulfides) 
are desulfurized with Raney nickel. 

Ni.H^ 

RSR R— R i-NiS 

4. Unlike ethers, these are decomposed by alkali solutions to form 

alcohols. 
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CjHjSC^Hs ► 2C,H40H-f-H*S 

W.8 liSIS OF THIO&T11ERS 

Cominercialiy, the most important thioethet is probably methyl sulfide. It 
is obtained as a by-product m the manufacture of pulp and paper It is 
converted to dimethyl sulfoxide by air oxidation using nUrog(.n dioxids' as 
catalyst Dimethyl sulfoxide is an important organic solvent 

16.9 MUSTARD GAS (2.r— Dkhlorodietfaylsolflde) 

Prt partition 

I It is obtained by the reaction of ethylene with sulfuiylchloiidc 

fS,Clg > CIC II CH,SCHiCH,( I I S 

lih\line SulfurvI Nfiist.inl 

vhlundc 


Pioptrtus and I U'\ 

Mustard gas undergoes a nuclecphthc dI^pI.»l.enlcnt of both ihcthloMnc 
atoms The leactum pnxeeds b\ w.i> ot a tli'et-membcicd tstlic tnnsilioi. 
state as shoivn below 


I * 

ClCHjCM^S ‘xCh^-CI 
CM2 


OM ^ 


[CKH?CH/S';j ‘ L, 
C H . ■* 


OM' 


CICM^CHjSCMjC ♦ c 

Muaird 


The second chlorine atom is icpiaced similarly. 

It is a poisonous gas, and exposure can cau*e p'swi rful burns and 
blisters on the skin Inhalation may cause serious injuiy <.r death. During 
World War I, it was used as a poisonous gas 


QUESTIONS 

16-1 Give the lUPAC names corresponding to each of the following 
structures: 


a, CH, 


CH, 
fr-<l Cl 


CM, 


HCH,N 


/ 


<^H, icir, 


\ 


CM, 
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b HCCH,CH,CH,NO, 

i| 

S 

c ( lT,rFrjSCH>CH,Clf, 
d CHjCirjCIISH 

in. 



o 

t CH CHjOCH CHCSrt If,) 

g CH.SCHCHCIMIf 

h. CH,(CH,)„SH 


16 2 Ifott arc meicaptans picpared' ]>cs\.ribc their phy&icai and chcmi* 
cal piopcrtics Desciibc the preparation and oscs of sulfonal 
16 1 Show the products of the icaction (if any) of I'butanethiol with I„ 
Na. CifjC’OCl, MnO, and Ni[HJ 

16 4 'What classes of products may be obtained b> the oxidation of a 
thiol by different oxidi/ing agents' 

16 S How will you proceeo to s\nthcsi/c mustard gas’ Discuss its 
nucleophilic displacement reaction 
16 6 What arc rocicaptans’ How does eth>l mercaptan reart with 
( 1 ) an aldehyde, (u) an acid chloi *c, (in) lead acetate and 
(iv) hydrogen peroxide'’ 
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Aldehydes and Ketones 


The compounds which contain a carbonyl gioup (a laib -n-oxygcn double 
bond) are collectively known as aldehydes and ketones In an aldehyde the 
carbon of the C' O iv bonded to II and one oiganic gr»'iip, R, white in a 
Jketone it ts bonded to two organic groups 1 hose aic two impuitant tl ives 
of carbonyl compounds which have many reactions tti ctmmion but hue 
significant differences too The catbonyl group latgjy «leUi mines the 
identity of these two classes of compounds Many u>mpour.ds containing 
these functional groups ixcur in plants and animab, f* instance, len/aldc* 
hyde (almonds), cinnamaldeliydc (.cinnamon), tcstostvM'’iv |sc\ hoimont), 
camphor (camphor tree), vanillin (vanilia), uvetonc icivct cats), etc. 


rhe carbon-oxygon bond m 



(> IS toniixised of a 7- and a *!-hond 




similar to alkencs, but instead connecting two attuns of quite dillcu ni elec- 


tronegativities I he c — bond Is foimcd bv overkipof carbon hvbndi/cil 



lews Htruclure PoUri/cd ‘ssnl Molecular Ort't|,>| Rvprcvcnt<|tiiin 


orbital with the p orbital of the oX/gen atom TheJt-hond is ri>ri|ied by a 
side to side overlap of a p, orbital on (hccaibon atom with a p, nrbital of 
tbc oxygen atom as shown The carbiw atom ts rp* hybridized and the three 
bonds subtend an angle of 120*, thus alt the bonds to the carbon atom He 
in the same plane and the C O bon»l distance is t,24A Since oxygen 
1 $ more electronegative than the carbon atom the 'hare*! pair of electrons 
between them lies closer to the oxygen atom The C O bonil is thus 
polarized and because of this the carbon atom develops a positive charge 



Aldehydes and Ketones 401 


and if nttftckod by many ionic reagents The oxygen atom contains two 
pairs of tton*bonding electrons. The electronic structure of the carbonyl 
group is responsible foi most of the properties of aldehydes and ketones. 


17.1 NOMENCLATURE OF ALDEHYDES AND KETO.NES 

Aldehydes'. Aldehydes have a hydrogen atom attached to the catbon>l 
group The common name of an aldehyde is derived from the oirrespondmg 
carboxylic acid by dropping the suffix —re and adding the suffix aldehyde. 
Thus, 


O O O O 

U I 

HCOH HCH CH.COir CH,CH 

Formic acid I ormaldeh>dc Acclic acid Acctuldchjdc 


o c 

t 

r,H,COH f\H,OW 

.icid Ikn/aMeh) dc 


These ‘’h>t*»''de8 aic readily oxidired to the caihoxslu acids Ihc — ( IlO 
gtoup IS also referred to as the formyl group 

Ketones Ketones have two alkyl or aryl groups. Snnpks ketone nny 
be named by using the names of the alkyl gioups attached to the carbonyl 
group followed by the word ketone 


O 

ClLCCHa 

Difncthvl ketone 
(acetone) 


CH..CCHiCH3 C«ll;,CH^CCH, 

Nfethvl ethyl Utonc Ikpnl vl Ketone 



Cyclohexanone 


O o 

QHiCen, C(,HsCC,Hs 

Acetophv -nc r.xphenoiK 



^...Methylbenzophenone 
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17.3 PHYSICAL PROPERTIES OF ALDEHYDES AND KETONES 
Formaidchyde is a gas, whereas the simpler members are colorless liquids 
An aqueous solution of formaldehyde is known as formalin The boiling 
points of both aldcydcs and ketones mercase with incu'.uing molecular 
weight (Table 17 I). They cannot form hydrogen-bonds with themselves 
because the hydrogen is attached to the earhon atom as a result they have 
lower boiling points than the corresponding alcohols or cartKKxylio acids 
but possess higher billing points than hydrocarbons For example, 
n-butyl alcohol boils at 118* n— butane at 0®. while bul>raldehyde boils at 
76* v>nly because the earbiinxl group is poKu I he lower aldehydes and 
ketones arc ni»scihle with waUr, bociuse the carbimyl oxygen forms strong 
hydrogen bonds with wafet hut the ‘olubililv deticases after about five cii- 
bi>n atoms 

Since the electron pair between carbon and oxvgen is unequally shased, 
as a result aKIehsiies and ketones have a high dipole moment value, for 
instance, formiddchydc has a value of 2 27 I> and iieetone of 2 85 15 Since 
the 7c elections are much moie polan/cd than the o-cU'ctions. the dipole 

moment m^C- Oisgieatei than in ^C— Cl bi*nd The lower membeis 

/ 

have a penetrating odoi but bceupv fiayrant smciling with i'crcising 
molecular weights 


Table 17.1 Mijsicai Cmutaiitt of AMdi>det and Ketonry 


Cocnpotjnd 

m p 

hp .•'Cl 

rofmal<kb>klc 

- 


Acetaldehyde 

in 

20 

Fropioraldchydc 


40 

Ai-ftiut) raldchvde 

•1*1 

76 

jT-VakfrtIJchvdi, 


h>t 

Cdipl txiJtkb>dc 


nt 

ElURthakfehyde 

— i: 

|SS 

Bc{f£a}d<h>de 


142 

Soitcylaldchyde 


107 

i»-Hy «*roE>bcri3r** ldch\ de 

\U^ 


Aniftdildehydc 


:4« 

Aecionc 

•M 


Methyl ethyl 


«< 

!!:-Fe»tanf>r>c 


.01 

i-rcT>tati(»r)« 

.,41 

lOl 

2 Hcaanone 

- 

I5t 


21 

«>1 

Ffopiophenone 


211 

2«*Bur)Tef>!iemme 

n 

231 

fienJKHfvhcmftc 

4k 

t06 

Cyckp^imm 


130 

Cyckimmicm 


155 
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d. Semicarbuzone Formation-. A scmicarbazidc ii an amide derivative of 
hydrazine and reacts with aldehydes and ketones to form scmicarbazoncs. 



Cvclohexanone Cyclo'-cxanone scmicarba/onc 

All the above reagents are poor nucleophiles. Therefore, the addition is 
catalyzed by controlling the pH to 6) of the medium In an acid medium 
prolonation of the carbonyl oxygen takes place which increases the clectro- 
phdic character of the carbonyl carbon atom 

c. Formation of rhioketones : Reaction of HjS wi«h ketrmes results 
in the formation of ihiokctones. 

<Jij tu 1 gas 

<> H,S S 

Bcorophenonc i hiobcn/v>pbenoi>c 

3 Oxidation . \ marked diirerence between aldehydes and ketones is 

the greater case of oxidation of aldehydes, it requires only a very mild 
oxidizing agent to oxidize an aldehyde to a cvrboxylic acid. 

A«(NHa)*OH 

I Agjf) ► C'Haax^H : 2Ag 

NH4()11 

I«1 

C,H,C'HO — C,H*aX)H 

KjCr.Oy+HjSO, 

Only methyl ketones arc oxidized to carboxylic acids by sodium hypo* 

O 

chlorite (NaOH - C’lj). It is specific reagent for the oxidation of — C— OH, 
grouping to — COOH 

O 

.N'aoa 

^ C*H,COOH • CHCIb 

4. JHaliHtion: Reducing agents such as LiAiHf, NaUH^ md H^/Ni 
reduce aldehydes to primary alcohols and .etones to secondary alcohols. 
Redoctitjn is also an example of addition of hydrogen across the C-O 
bond. UAIH^ is handled like Grignard reagents. It is soluble in ether and 
sensitive to moisture and oxygen, 
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R 

4 \:-«0+LiAIH* 
/ 


R 


0%M Li+ 



R 

4 \hOH i AI(OH)j } LiOH 

/ 

R' 

Lithium aluminum hydride i> a more powerful reducing agent than 
sodium borohydride. It reacts readily with water The reduction with sod. 
borohydridc requires the presence uf a polar solsent such as ethanol. 

Mechanism 

Lithium aluminum hydride may be regarded as derived from a metal 
hydride’ 

liH-f-AlH, Li+ AlH, 


The anion is a nucleophile and can attack the poUnzi.d cartu>nyi carbon 
atom. 


HjaI-O-ChPj 3Z^J1* 

MAl(OCHR2)y 

At tOCH*^4 ^CMOH 

Lithiont aluminum hydride not only reduces aldehydes and ketones but 
redocea esten, acids and nitriles as well. Sodium borohydridg in contract, 
is a selective reducing agent and reduces aldehydes and ketones only, but 
not carboxyltc acids and esters. Sodium borohydride also does not attack 
the C>«C and CmC bonds in a compound. 

(I) Nahll« 

CHdCH«CHCHO CirAJ-- CHCH,OH 

(inm/iv) 

CralonakMiirde Croiyi ateotud 
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Methyl o— ben7.oylbcn7oate Carhomethoxydiphenyl methanol 

5. The Aldol Condensations: A carbon atom located next to a carbonyl 
carbon is referred to as the a— carbon and a hydrogen attached to an a- 
carbon is called an e.— hydrogen. This hydrogen is acidic due to the fact that 
the anion, also known as the enolate ion, is stabilized by resonance in the 
manner shown below: 


O 

/ liasc 

CH,-C .. 

\ 

H 


O 

C/ 

CH,— C 
Lnolate ion 


o- 


/ 

CH.-tC 

\ 


H 


The enolate ion the intermediate in the aldol condensation of aldehydes 
and ketones. Acetaldehyde, for instance, .'orms a dimeric product aldol in 
the presence of a dilute base (10’'„ Na OH). 

OH- 

2CH,CHO ► CHsCHCHjCHO 

1 

Ori 

H> droxy butyraldehy de 
(Aldol) 


Mechanism 

The formation of the aldol proceeds through a aeries of equilibrium 
steps. 

CMjO^O+OH" “CM2CHO-h H2O 


0 

H 


CHjCH 'CMjCMO 


fast 


? 

CM2CCH2C 

H 


HO 


9* 


CM)CCH2CM0 4-H^a 
H 


it CH^CHCHjCHO^dH 

6h 
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A hydroxide ion pulls an x—hydrogen from acetaldehyde and the resultant 
enolate ton makes a nucleophilic attack on a second molecule of acetaldehyde 
in a fast step. This ion then picks up a proton from water to form an aldol 
and the catalyst (OH~) is regenerated. Ketones condense similarly. 

Aidols (aldehyde-alcohols) are stable and may be isolated. They, 
however, can be dehydrated easily by heating the basic reaction mixture 
or by a separate acid-vuialyzed reaction. Thus if the above reaction mixture 
is heated, the product dehydrated to crotonaidehyde (2*butenal). 

A 

CH^HCH^CHO ► CH,CH CHCHO 

I — H,0 

OH 2— Buten.»l 

An aidol condensation can also take place between an aldehyde and 
ketone, as well as between two ketone molecules. 

, y ^ [y-C yv C-'H-CHCgHc 



Baif 




For ketones, however, the reaction is much less favorable With acetone 
only a few per cent of the addition product dtacetonc .ikohol is present at 
equilibrium. This IS understandable on the basis of ctcnc hmdiance Ace- 
tone forms an enolate ion but isTX’Of accepting the anion formed. There- 
fore, in contrast the addition of acetone to formaldehyde occurs readily 
Formaldehyde cannot form an enolate kmi because it has no a — hydrogen 
atom but it can e,tsily accept the enolate um as it is free iiom cleric and 
electronic factors liidcvd, rill the six x-hyrlrogcns m acetone can be easily 
replaced by — H,OH gioups 

The aldol reaction between acetaldehyde and formaldehyde n rather 
rapid and is of commercial importance In the presence of calcmra hytiro- 
xtde, addition occurs three times and leads to trihydroxymethylene acetal 
dchyde (which bus no *-hydrogcn) undergoes a crossed canni/^arc* reac- 
tion with formaldehyde to give a tetrahydroxy alcohol known as pen- 
lacrythritol. This Is ilfustrared as follows . 

CHjOH 

OH j OH. Ht HO 

ClUtlO* 3HCHO lUK’tV C-CHO — — . » 

Ih^oh 

CH,OH 

HOCH*-A-CHiOH 

^H,OH 

This alcobol is used in the preparation of surface coatings. 
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The reaction betweei) acetaldehyde and acetone is inefficient because of 
the faster self-condensation of the former component 

An intramolecular aldol condensation occurs more rcddtl> than the 
intermolecular one. This is examplificd as follows 



The aldol condcn'.ation product contains two functional groups, therefore, 
a number of subsequent i tactions can be earned out to obtain important 
derivatives. 


A 

ClIsCHCH.CHO > CH,rH*=CHCHO 

I 

OH 4. Crotonaldehydes 

(2 Bufenob 

I MaHH, 

I 

Hj Ni 

CH,CH,CH,('fr,OH Cfr,CH=CHCH,OH 

n Butanol rroton>l alcohol 


► CH*CH CHCOOH 

Crotonic acid 


NdBH4 

tH,CUCH,CHO ► CH,CHCH,Cir,OH 

in OH 

1 ,3— -Butanediol 

Mixed Aldoi Condemaiion An aldol amdcnsafion between two dilTetent 
aldehydes containing an a-H each gives a mixture of four products and is 
called mxed or crossed aldol condens ion It is generally difficult to 
separate such a mixture. A mixed aldol condensation yielding a pure pro- 
duct can. however, be accomplished under two conditions (1) One of the 
.reactants does not have an s-H and thus cannot enoluc, such as an aroma- 
tic aldehyde or formaldehyde, and (2) the second carbonyl compound which 
possesses an «-H, is added slowly to a mixture of the first reactant and base 
so that it is mainly ib» enoiate of the first carbonyl compound that is the 
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nucleophile. For example, the amdensatioo of beozaldehyde with acetal- 
dehyde proceeds smoothly to give cinnamaldehyde. 

Base'A 

C,H,CHOfCHjCHO C,H*CH CHCHO 

Ben/aMehyile Acetaldehyde Cinnamaldehyde 

6. The Haloform Reaction: Methyl ketones react with halogens m the 
presence of base to yield a trihaloketone according to the following steps : 


Oh 

a 

C W ♦ 



«Cn.h 


6’ ^ 


UK, 

UL 


X 


V* 

A ‘ 





»vC' 

/ 

X 


The trihalo ketone is not isolated but reacts further with hydroxide ion 
to give carboxylatc ion and a corresponding trihalomethane (i.c. a haloformi 
The overall reaction is known as the haloform reaction 


OX Op o o 

;i I - I H - 

RC-<' - X - OK e* RC t’X, — * RC -OH 4 C X, Rt'-O < CllXa 

I I 

X OX 

The reaction of a ketone with iodmc^ind stnlium hydr»*xklc is called the 
iodoform reaction 

O 

RCX’H, i 51, - 4011- ►CHI, ►RCOO' ► 3H,0 

Tilts reaction is used m structure dctcraiinatton as compounds containing 
the — C'HOl fC H, group give a positive iodoform lest fhus even ethyl alcohol 
and acetaldehyde give positive nHloform test. 

7. The Darzens Condenutiion: In this reaction a halogcnomethyicne oiwn- 
pound, in the presence of a base, reacts with an aldehyde or ketone to yinid 
an «, 9-epoxy ester called a glyt.dk ester. Ben/.aldehyde, on condcnsat||ott 
with a-chloroacetate, in the presence of sod. ethoxide yields ethyl ^-pheilyl- 
glyeidate. 


C*H,CHO+C1CH,COOC',Ki 


Pot. Q 

f-butoxide / \ 

C»H.-C CHCOCX:,H, 

ll 


teaaatiMvde htliyt chtoroacetate 


A fiyeldic ester 
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Both aromatic aldehydes and ketones give good yields in this reaction 
but aliphatic aldehydes give poor yields, presumably they form aldol pro- 
ducts. Aldehydes also react faster than ketones. 

A number of base-solvent systems have been employed but pot r— but- 
oxide l-butanol has proved to be the most suitable. The i^arzens condensation 
is carried out under nitrogen atmosphere and with the exclusion of moisture. 
An essentia] requireraeot for this reaction is that the halogenomethylene 
compound should contain an x-hydrogen. The mechanism of the reaction 
proceeds through an enolate ion and is formulated below: 



The first two steps arc similar to the aldol (.ondensation. In the last step 
an intiamolcculai Sv- attack takes place with the closure of the epoxide 
ring. The hydrolysis and decarboxylation of glycidic esters provides a 
means for the homologation of aldehyd-"- and kctoni..' 

/®\ Base, Heat 

QHjCil—C'HCOOCjH, CeHsCHjCHO 

Pheiiy lacctatde hyde 

8. Enaminc Formation: Aldehydes and ketone > react with secondary 
amines to form enamines (ene-|-amines). 



CVclohexanone Pyrrolidine N-~<l-eyctoIiexenyl) pyROlidine 

(An enamine) 
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CH, 


\ 


CH, 




CHCHO 


CH, 

*. f 

Beocene, reflux / 
CH, 


CHCH«NC,H,-/ 


Enamineg can be alkylated using s-balokeioncs, halo esters, primary or 
benzyl halides as alkylating agents. 




0 

II 

Ch^C^H^ 


y. Thf H iit\s Riitction Trialkvl- or triphcnyUphospht<rus ct»mp<»uncls 
{phosphines) can be alkslatcd by nucleophilic displaecmcnt of an alk>l- 
hatidc 


Tripfaenyl phosr^ise Metb>ltriphcnyl* 

pbosphontum khIiiJc 

These quaternary pbosphonium salts react with strong base* to form hcIhijI 
ionic intermediates called ylitics Phosphorus ylides are generally stable 
although highly reactive 


(C.Hj),P*-CH,|- ((C,IU),P*-CH, 

-H* 


t- > tC,H,>,P-- CHJ 

A ylidc 


Yltelcv arc strong nucleopbiics and can condense with an aldehyde or ketone 
with the resultant formation of an olefin. 


f C«»0 ^ 


C«CH,+(C,H,),P-0 


This reactioo thus provides a venattle means for the synthesis of aUcenes» 
as iftustrated for the formation of metbylenecyolohexane. 
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(CeH5)3PCH3r * (Ct;^5)3P»CM2 



+ {C6H5)3P-0 


The reaction is simple and proceeds under milder conditions. 


\fcchanism 

The reaction procced^> in two steps. Initial addition of the ylidc to the car- 
honyl group takes place to give a dipolar intermediate called a hetainc, this 
reacts further to give the oxaphosphetane which is stable at low temperature 
( 180®)* but dcci)mp Aes on warming to yield an alkcne and tripbenylphos- 

pbinc oxide < The sequence of leactsons is shown below: 


. ♦ 


6* 6- 6*Cv ' ' 




C-H 

A 


— C-^C-H 


I I 

H 


f HeUiiniM 


\ 

^ C CII, (c;h.,),p=o 

/ 

I iiphcny IphosphiMc 


10. Thv Kno(\i.‘nai;t l Comh-nsutitm: (Amine t.il.ilvvttJ comUnsatKin) 
Several mcthotls arc available for the preparation of unsjturatcd acid^. A 
gcneial raethod, however, for the preparation of a, p — unsaturated acids is 
the knocvcnagel condensation. It involves a reaction between an aldehyde 
or ketone and a compound containing an active methylene group in the 
presence of an amine as base. Piperidine, pyridine oi trieihylammc k normally 
used as the base The following two examples illustrate this reaction. 

Pyric c 

C;,H*CHOfCH,(COOC,Hi), C,H,CH C(COOC,H,), 

Malonic ester Ethyl ben2aIinalonate 

(i) KOH A 

C,H,CH«qCOOH)j ». QH,CH CJfCOOH 

(iil Ha -CO, 


Cinnamic acid 
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O CN 

B (C,H^N / 

c,h,cx:h,+ncx:h,cooh c,n,c»c 

Cytmoacelie acid Jh, '^OOH 


A, -CO- 


C,H»C'-CHCN 

(jll, 

t— Methyl butcrenitriie 

Afechamsm 

The Knoevcnagcl condcnsKilion requires the presence of a catalytic amount 
of an acid in addition to the base. 1 herefore, intermediate formation of an 
tminc or iminiuin salt is involved and the mc’chanisin may thus be formulated 
m the following steps. 






CM 





\ / 


V. 






i -t‘^s 

t 

C.H,CH -CHCOOH 


The ifflinium salt reacts with the enolate ion of the estei to prtnluce an 
iatermediate amino compound. This eliminates the amine to forni the 
unsaturated product wiuch on decarboxylation yields cinnamic ai»d. 

17.4.1 Re ac t ions Given by AMebydee Only 

1 TrimenzatUm of Aldehydes: Formaldehyde is readily avaiiaMe in 
solution but evaporation of a formaldehyde solution resuhs in a solid which 
a a mixture of the linear polymer, paraformaldehyde and the cyclic trimer 
trioxane. Oo heating both dctMimpotc to give back formaldehyde. 
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n HCHO ► ~CH,0- (CH,— O),— CH.O— 

Paraformaldehyde 



Frioxane 


2 Rea(tion\KUlt Ammoma With ammonia, formaldehyde produces 
a tncyclic compound, hexamcthylenetelramine also known as 

urotropirti'. 



Urotropine 

^ 1 he C'unnizzuto Rcucuon i An ailiphstic oi sroniAtic c&ldchydc pobsc- 

ssmg no X— hydrogen atom when treated witlt a cone solution of sodium 
hydroxide undergoes an oxidation reduction reaction. One half of the 
aldehyde is reduced to a primary alcohol and the other half is oxidis’d 
to a carboxylic acid. 


KOH 

C.H,CHO C,H.COO-K+ rC,H.CH.OH 

too’ 


Mechanism 

The hydroxide ioo adds to the carbonyl carbon atom as the first step. The 
oxyuiion loses a hydride ion (H*) which is transferred to another molecule 
of aldehyde: The H" tr-insfer step is very slow and difficult. This reaction 
therefore does not serve as a good synthetic method. 
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adequately acidic and can be removed by a base The resulting curbaoion then 
adds to another moieciiie of aldehyde and ben/oin is obtained as shows The 
benzoin condensation is largely influenced by the presence of electron- 
donating groups on the aromatic nucleus. Electron-donating effect of the 
substituent makes the carbonyl carbon atom less electrophilic and thut> 
less succeptibie to attack by the cyanide lun Ben/om from mixed ketones 
can also be obtained 


'X,. 




fit 


,HO - 

c»- 


-'O 


OtH| 


4-Methox> benzoin 

An « — hydroxyketone is called a benzoin It can be oxidi/ed with Benedict’s 
reagent and also forms hydrazone with hydrazine. 0-Hydroxy ketones, 
such as bezoiot belong to a class of compounds known as ac\ loins 
Aliphatic, as well as cyclic ac^ioins, can be obtained by a btinoleculai 
reduction of mono and di — cstcis respectively, which is analogous to the 
reduction of ketones to pmacols 1 he formations of .icyloins is called at > lorn 
eondenvUion This reaction is useful to the s> nthesis of large ring compounds 


\* H 

:rcoor R— C--^^C-~R ► RC 


i- 


Na* ©“Na* 


OH 


( R ^ RC —CUR 

I I 

OH O OH 


An dc>)oiri 


C JcP 
^COOR 


C-ONa" 




6. Tishchi'ko Reaetwi Two molecules of an aliphatic aldehydes in the 
presence of an alkoxide form a molecule of ester 

O O 

\ AUGCtf,!] 

2CHJCH CHiCOCH,CH, 

hthyl acetate 

ti AJt ReactioM Given by Ketone* Only 

1. Ketones, tn the presence of sulfuric acid, lose a moiecuk of water and 
form a cydic product. 



0 

II 

3CM3CCH3 
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Acejone 



+ 3H2O 


2. The Wolff-Kishner Reduction". Although the leductionof acarbonyl 
group leads to an alcohol, certain special methods can be used to convert 
it into the methylene group. This reduction is a useful reaction for the 
direct conversion of a carbonyl to a methylene group on heating the hydra- 
zone of the ketone with NaOlf 


C \-o — » f 

Cyclononanonr C veJononan^ 


r.Hs 

\ HjjNVHj 

Q O ^ 

/ 

Acetophenone 


KOH A 

(HorH^CH,y,o 


C,H, 


\ 


CH 



t 


tihslhen/ene 


Mechanism 

The procedure consists of the conversion of a ketone to <» hvdrazone on 
treatment with hydrazine. This hydrazonc loses a pro*on to the base to 
form an anionic intei mediate which is in equilibrium with a double bond 


K 

R 




NNHi 


Bose 


C=s N— NH 



N 




Bose 


R 

R 






8H+ 
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isomer. The latter i^cks up a proton and the intermediate expels nitrogen 
to form a carbanion. This being unstable picks up a proton from the 
solvent to form a hydrocarbon. 

3. The Beckmann Rearrangement: Both aldehydes and ketones react 
with hydroxylamine to fona aldoximes and ketoximes respectively. Since 
there is no free rotation about the carbon— nitrogen double bond, two 
geometric isomers are thus possible. 

R OH 

\ / 

f C^N 

/ 

It 

Mtt Aldoxime 
m sod OH on 
opposite sides) 

Since such a relationship is not easily determined for ketoximes, they 
cannot be distinguished in the same manner. 

C.H, C,H, 

N. H,NOH \ 

Cr,.0 ► C N 

/ / \ 

H,C HiC OH 

These oximes are transformed into amides on treatment with strong acids 
(PCI 5 , H,SO„ SOCI,. PPA, etc.). 


R 

\ 


c«o 


/ 


H 


H,NOH 

-H,0 


R 

Vn 

iv/f Aldoxime 
and OH on 
the same stde^ 


R O 

\ SOCI, ft,o 

C N ► ► RCNHR 

/ \ ether 

R OH 


Xfechanfsm 

The mechanism of the Beckmann rearrangement involves the shift of an 
alkyl (or aryl) group from carbon to electron deiicient nitrogen from the 
protonated oxime. 


>.N 

Ri 


OH 



» C-N 

< Vh2 




H>0 

►R.CsNR 

?)H2 


-M* 


♦ 


R,C-NR 

OH 


O 

RjCNHR 


The cation so formed after the migration of the group reacts with water to 
idvetheeiK^ form of an amide which tauiomerizes to an anilide. 
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Jhis reaction is stereospecific because the aikyt (or aryi) group OAt/ 
(transit to the oxime hydrcHiyl group migrates preferentiaity. 

The Beckmann rearrangement can also be promoted photochemktilly. 
In this cose the reaction proceeds through an oxaziridone (a three-membered 
ring with an oxygen and nitrogen) intermediate 

An important application of this reaction is the formation of capro- 
tactam from cyclohexane oxime which is employed in the manufacture of 
Nylon-6 polymer. 

4. The Clemmensen Reduction'. This is a method to carry out the 
reduction of a ketone directly to the methylene group. It involves the 
refluxing of a ketone with amalgamated zinc and hydrochloric acid. The 
zinc and mercury metals combine in non-stoichiometric proportions to give 
the reduced product. 



CH,( CHjCHCH, CHsCff,CH,CHCH, 

I HCl I 

CH, <!:h, 


1 his method is unsatisfactory for aldehydes as they give a mixture of pro- 
ducts. 

5. Alkylation at the a-Carbon Atom- Ketones, in contrast to aidehdyes, 
can be alkylated at the a carbon atom i/u the form. tion of an enolate ion. 


0 

11 

CH^C CH3 


strong bqsp 

CHj 1 



This reaction rcquiics the presence of a strong base. Sodium metboxide or 
ethoxitle cannot be used as they convert the ketone into an enolate anirm 
only partially and thus aldol condensation product is formed. Stronger 
bases such as pot. r—butoxide, sodiuu. hydride or sodium amide are capable 
of converting the ketone quantitatively to the enolate anion and are 
thus preferred, side products such as di- and tri-alkylated products arc abo 
formed in this reaction. 


'^^TINCnON BETWEEN ALBEHYOES AND KETONES 
Aldehydes and ketones having less than five carbon atoms are soluble in 
water just like alcohols. Moreover, like alcohols, they are also neutral. It 
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is, therefore, necessary 6rst to distinguish them from alcohols. One useful 
inetliod Is to treat the unknown with a freshly prepared solution of 2, 4- 
dinitropbenylhydraauicb This reagent reacts with a large number of carbonyl 
compounds to form colored solid derivatives which have sharp melting 
points. Alcohols, however, fail to react with this reagent. 



(A colored compound) 

To distinguish an aldehyde from a ketone, advantage is taken of the 
case with which an aldeh>de is oxidired to carboxylic acid Three reagents, 
namely Toilens’. Febling’sand Benedict's solutions arc commonly empioved 
for this purpose 

Toilens' reagent is an ammoniacal solution of a silver ion-ammonia 
complex. It is readily reduced to metallic silver by easil> oxidi/able com- 
pounds such as aldehydes. 

RCHO-i-2Ag(NHjV ^ 30H- RCOO" 2\g-i 2fl,0 • 4NH, 

O 

R-C-R, { Ag(NK,V -► No reaction 

A silver mirror is deposited along the sides of the glass tub«. This process 
IS actually used in the manufacture of mirrors, with fornialdch\de serving 
as an inexpensive aldehyde 

Fchling's solution contains cupric ions in aqueous sodium hydroxide 
Aldehydes reduce the cupric ions (Cu**) to cuprous (Cu*") ions. 

RCHO+:Cu(OM), f NaOH ► R('00-Na^ ^Cu,0 t 3fl,0 

A red precipitate of cuprous oxide separates out 

Benedict's solution Is similar to the Febling's solution except that cupric 
ions are complexed with citnc acid 

Cu*+ (complex )-+ RCHO ► Cu,0 t Oxidation products 

(blue) (brick red prectpiUle) 

Tlie latter two reagents are weak oxidizing agents They oxidise aliphatic 
aldehydes but are not capable of oxidizing the aromatic aldehydes such as 
beozaldelyde 

A specific test for aldehydes is the restoration of the j|>ink ooloi 
of Schiff's reagent A Schiff's reagent is prepared by parsing SO, 
gas through a solution of a pink colored dye- fuachtn and a colorlels solution 
is obtained. Aldehydes restore the pink color white ketones do got 

IJA QUINONES 

A quteone is a compound with two carbonyl groups and two double bonds 
in 8 ajx«meiD|)ered rfng.Ttie carbonyl group may be preKntin the I, 4— or 
1, ^--ponitlom 
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0 



p — Ben/o«|uinone " --Benzoquinonc 

Quinones ate also derived from other aromatic hydrocarbons, some 
cxsunples are given below 


o 



o 


1,4— Naphihaquinone 1.2 — Napthaqutnonc Anthraquinone 



9,10 — Phenanthraquinon*. 2, — 3Kaph(haquinonc 

(unsUhki 


17.7 PHYSICAL PROPERTIES OF QUINONES 

Quinones occur in plants, lichens, marine organisms and fungi and many 
of them arc responsible for the red, orange and yellow colors found in 
plants and animals. They also take part in oxidation reduction cycles 
essential to the living organi,sms. 

17.8 PREPARATION OF QUINONES 

Quinones may be prepared b\ the following oxidation r*.ethods. 

I. p — Benzoquinonc is obtainec. 'iy the oxidation ofhydroquinone. 
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0 — Beiuoquinone is obtained by the oxidation of catechol. 



Quinones may also be prepared by the oxidation of o- or p— >nmiooplienoli 
and in many cases by the direct oxidation of phenol or aniline. 



2 Antbraquinone is obtained in the following manner 





nithalic anhydnik 



3. The following sequence of reactions may be employed to prepare 
1,4— naphthoquinone starting from I>napbth(>i. 


‘M 



4^ C *a**»OH 


l-~Nsphthot 


NeNCe^ 


OH 
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o 

*<aC»jO7/w?04 , 

o 

1 ,4 Naphthaciuinonc 



17.9 REACTIONS OF QUINONES 

Qaioones are not aromatic compounds, instead they are a, ^unsaturated 
carbonyl compounds and display reactions typical of such structures. 

1. Addition ofHCi: Hydrochloric acid adds to yields o-chlorohydroqui- 
none 



Mivhamsm 



1. Acid'catalyrcd addition of acetic anhydride p-benzoquinone leads 
to 1,2.4 — triacetoxybcn/enc. 



OCOCHj 

0 

OCOCHj 


poBenxoiluitioiie 


t .r,4~>Triacet(nyhenzeoe 
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3. An equimolar mixture of p — benzoquinoncand hydroquinonc forms 
a dark green colored complex of a donor>acceptor type (io which one 
molecule donates electrons while the second accepts) called quinhydrone 



Quinhydronc 


4. p— Dtchiorobenze is obtained by the replacement of oxygen in 
p—benzoquinooe With chlorine using PCI, 



5. Reduction: Since these compounds arc cyclic diketoncs, they arc 
converted to bydroquinones 



p—BMumtoinon* Hydroqtiinoi 
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6. Dieh‘AlderlReaclion: /t-Beszoqumone functions as a dienophile 
and forms Diel8~Alder adducts with several types of dienophiles. 








5,8,9, 1 0 — 1 etra<{ydro> 
t ,4~-n<iphth<tqumone 



Anthracene 


p— >Bcn/Oquinone 


Diels— Alder adduct 


17.10 USES OF QUINONES 

Hydroquinonc is used as a photographic dcN eloper Quuibydrone is emplo* 
yed in the medsurementofll— ion concentration potcntiometrically. Qumo* 
ncs. in general, arc also used in medicines. 


QUESTIONS 

17.1 Suggest names for the following structures; 


O 

a. CUjCCHjCHs 
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g. CM. --CHCHO 


CMO 



i. OHa'H*CH,COOC,H5 


O 

j. C,HiC(CHs),CHO 

OCH, 

/ 

k. CH,CH 

\ 

CX'K, 


17.2 Postulate a suitable mechanism for each of the following relu:tions: 

a. The Beckmann rearrangement 

b. The Perkin reaction 

c. The Benzoin condensation 

d. The Aldol condensation 

e. The Darzent condensation 

f. The Wittig leactioo 
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17.3 Offer ezplaaetioa for the following observations: 

a. Benzaldehyde does not undergo aldol condensation, 

b. Chloral hydrate is stable. 

c. Boiling pointo of butanal (76**) and 1 'butanol (118**) are very 
different but their solubility in water is quite similar. 

d. 2,4'Pentanedione is highly acidic. 


e 



is very basic in character and 


forms stable salts with HCI 

f. Wolff-Kishner reduction of ketones is preferred over the 
Clemniensen reduction. 

g. Hydroxylamine is employed in the form of its hydrochloride 
salt. 

h Ben/aldebyde reacts faster than p-methoxybenzaldebyde with 
HCN. 

i. Acetophenone but not ben/ophenone forms an adduct with 
NaHSO,. 

17.4 Lxpiain why only the a-hydrogen atom in aldehydes and ketones 

is involved in the aldol condensation. 

17.5 Predict products of the foilowm g reactions. 

O 

II Base 

a. C,H,CCHs ^ ClCH,COOCaH» 

O 

11 ( 1 ) CHjCHjMgBr 

b. CHaCHaCClfjCH, ► 

(ID H+ 


OH- 

c. C,HjCH04CHaCH0 



gi ^ 

Pressure 
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Cho 


‘ChjCOjO 


NaOAC^ 


CH, O 

\ II JNdOCI 

f. C^CHCCHa 

CH,'^ 



MClj 

1 c;H*+co+Ha 


^3C 


A 



a 


CH,OH 

Jc. I • HIO« - - ^ 

CH.OH 


1. C,H,NHj 


K,< r/>j, HjSO, 


m. fC6Mc^3p-CMC)M; 



KOH 

n. C;H,CH0 f CH 3 NO, 
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Ba&e 




+ BrCH2C00C^^ 


(i) 2PhLl 

b. (CHs)aCCXX>H 


CH, 

1 so;, NaOH 

t. C.IU-C—CHO 


7 .6 Which of the following compounilt would give a positive iodoform 
test? 

a. 2~*Btttanoi 

b. l~Penta»ol 

c. Acetone 

d. 3 — Pentanone 
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e. 2-Pcotanone 

f. 3 — Pentanol 

g. 1— Ph«nylethanol 

h. AoetofdienoQe 

17, 7 Give one example each of Cletnmensen and Wolff>Kishaer reduc- 
tions. 

17 >8 State the reactions >shich difitireatiate aliphatic from aromatic 
aldehydes. 

17 9 A liquid of the molecular formula, C^HfO, forms an oxime, reduces 
Fehling’s solution and undergoes the Cannizzaro reaction What 
structural formula would you assign to this liquid' 

17 10 An ether solution of acetophenone reacts with bromine m the 
presence of traces of AlClj to give CgHjCOCHjBr in good yield. If 
2.S molar equivalents of AlCIt are mixed with acetophenone 
unmediately before addition of bromine, the mixture reacts slowly 
to give m— bromoacetophenone. Suggest a reason for this change 
17 II Arrange the following compounds in order of increasing reactivity 
towards the addition of HCN. 

Acetone, acetaldehyde, methyl /-butyl ketone and di / — butyl ketone 
17. 12 Suggest tests that will distinguish the following pairs of compounds. 

a Acetic acid and propanal 

b. Acetaldehyde and acetone 

c. Acetaldehyde and propanal 

d. 4 — Pentyn— 2— one and 3--pcntyo— 2 — one 

e. Acetone and iso propanol. 

f. l-Bromo-2-butanone and 4*bromo-2-butanonc 

g. 2— Pentanone and 3--pentanonc 

17 13 Explain why HCN will add to the double bond m( Hj CHCOO*' 
but not in RCH CHR. 

17 14 a. What are the reactions associated with the names of Perkin and 
Cannizzaro'' 

b. How would you prepare acetophenone from benzene ’ 

17-15 a. Give any four methods for the preparation of alkf nones. 

b Describe mechanism of addition reaction of alkammes selecting 
at least two examples 

17. 16 Describe the properties of acetophenone. How can ybu obtain the 
following from it 

a. Benzoic acid 

b. Phcmacyl bromide 

c. Benzoyl acetone 
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17.17 What are quinones? two methods for the preparation of 

o-^benzoqitinone and j^beazoquinonc. Describe their important 
physical and chemical 

17.18 Compare and contrast thQ.properties of acetaldehyde and acetone. 
Give equations of three>!feqctlons 

17.19 Outline the diifeient for preparing benzaldehyde Describe 

Its important 

17.20 Describe the iroportan]^<itnBdtJoi preparing benzaldehyde on a 
large scale. In what reactions 4019 it differ from benzophenone’’ 

17.21 a Describe five nudeophiKe gi^dition reactions of a carbonyl 

group 

b Kow would you coi ||l|r t adgtaldehyde into acetone, diethyl 
ether and aidoH 

17.22 a How arc ketonqs prcpl |||jj|^ i!£> 

(i) Acids 

(ti) Acid derivatives 

b. How docs an aldehyde r^fl^ith 

(i) Hydroc)anic acid 
(ti) Ammonia 
(ill) riiioalcohols 

I / •23 i ompound A, having the empirical formula C,Hk is chlorinated in 
sunlight to give a product which a hydrolyzed to produce B. B. 
after oxidation reacts with acetic anhydride in the Perkin reaction 
to produce an acid C, which has an equivalent weight of 148. Give 
the names and structures of A, B and C. 



18 

Carboxylic Acids 


O 

/ 

Orgaak compounds which contain a carboxyl group. — C (the name is 

\ 

OH 

derived by linking carbonyl and hydroxyl groups) are termed as carboxylic 
acids. The carbonyl group changes the properties of the — OH group and e- 
verni. The carbon atom in a carboxylic acid is present m its highest oxida- 
tion state which makes it stable toward further oxidation For this reason, 
acids occur abuodantty in natural products such as oils, fats, ammo 
acids, proteins. The carboxylic acids loniae in water to form a 
carboxylate ion and bydronium (H^^) ion 


Section A: ALIPHATIC CARBOXYLIC ACIDS 


Aliphatic carboxylic acids may be considered as derivatives of the ci>rrc:i- 
ponding alkanes, in which one H-atom has been replaced by ~-( OOH func- 
tion, for iustance, CH^, (Methane) to 1 H^OOH, (Acetic acid). They possess 
the general moiecularformula C«ffi«viCOOIl. .Acids containing one, two 
or three carboxylic functions are referred to as mono-. <//-, and rrf-carbox>- 
lie acids. Carboxylic acids may be aliphatic or aromatic The former type 
may further be sub-divided into saturated, uimturated, hydrosty anti hah- 
carboxylic acids. These are weak acids and their ioni/ation in water is far 
from complete. 

I«.l NOMENCLATIiHE OF CAKBOXYUC ACIDS 
The commoo name of carboxylic acids is based on its source br ortgia in 
tutuie, for example, formic add (L»tm,formka), acetic acid (Latin, ocerum, 
vinegar) butyrk acid (butyrtm, butter), etc. The position of ft substituent 
preieot on the cbaiit is tpedfled by the Greek alphabet «. p, y so on. 
The carbon atmaa next to the eartxixyl group is considered as «. 
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Br 

CH/HdCHcooH nicH/rooH 

il Br 

a—Oilorobutyric acid — Dibromopropionic 

acid 

The systematic name is derived from the name of the corresponding alkane 
by dropping the ending — e and putting the suffix — ok acid. 

CH^OOH Methanoic acid 

CH iCH^CH jCOOU Butanoic acid 

The position of the substituent is indicated by the u«aal numerals 

O O 

arl'HC^ ci{, CH^CIOjCHCOOH 

f \ \ 1 

a OH OH CjH, 

Chloropropanon. 1 — Butenoic acid Ethylheianoic acid 

acid 

The cyclic acids cannot be named m this manner To name them the name 
of the corresponding cycloalkane proceeds the word carboxylic acid. 


COOH 


CyclobutanecarboxylK acid 


Cydohexanecarboxylic acid 


18.2 PHYSICAL PROPERTIES OF AI tPHATIC 
CARBOXYLIC ACIDS 

The lower moiecular»weigbt aliphatic acids (Ci-Cm) are colorless liquids 
with sharp odor<iiiethanoic, ethanoic and propanoic acids have vinegar 
like odors, while acids from C«-Cn have distinguidung goat*like odors. 
Htglwr adds are practically odorless. Butyric acid is responsiUe for the 
unpalatable taste of rattvid butter. It is also present In human sweat. Higher 
fatty acids are waxdike solids. The saiicydic acids arc, however, crystalline 
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solids. Carboxylic acids, as a class, have higher boilfaig points than alcohols. 
Propionic acid (b.p. 141*") boils 44* degree higher than the alcohol of coni' 
paraUe molecular weight, n— -propyl alcohol (b.p. 97*). ThH is due to the 
presence of intermolecuiar hydrogen — bonding which gives a dimeric charac- 
ter to the acids. The molecules of carboxylic acids are attracted by hydro- 
gra-bonding to a larger extent because of the presence of two polar groups, 
in case of acids (the carbonyl and the hydroxyl groups) as compared to 
only hydroxyl group in case of alcohols. 


0 H Mil, 0 



This causes dimerization of the acid and reduces the vapor ptessurc and 
increases the boiling point to a large extent than would be expected from 
the molecular weight of the monomeric acid itself 

TaUa la.l Phyitcai Coaitanto of Carbovylte AcMs 


Acid 


Formic acid 
Acetic acid 
Propionic acid 
Hutyric acid 
Valeric and 
Caprow and 
Enanihic acid 
Captylic and 
Petargonie aeid 
Capnc acid 
Launc and 
Myristic and 
PahiuticacKi 
Steaneand 

Cbetebuiaaecarbdnytie aeid 
Cyetopenuneeaiboiurtic add 
Cydobcxanaearbmyiic and 


I orimila 


IlCOOH 

< H,(CH,X.(X)H 
( lVCHp,C<>OH 

cigntjijCooH 

CH,(CH,),COOII 

CHg (CH,l„COOH 


III p (*( ) bp f*ri 


V 

KKi.s 

6 

n8 

■>1 
dn dp 

141 


104 

\ 

187 


205 

H 



2^9 

r 

2^^ 


2m 

4t ( 

2'»5 

M ; 

251 


2m 

70 

287 


190 


212^ 

217 
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The lower members are also miscible with water because of H— bond 
formation with water. The polar nature of carboxylic adds can further be 

recognized by the potari/ation of charge near the oxygen atom. They also 
possess appredable dipole moments. 


R 



H 

6^ 


18.3 PREPARATION OF ALIPHATIC CARBOXYLIC ACIDS 

1. From Ongnard R, ‘agents . A Grignard reagent is treated with carbon 
dioxide. Dry ice is often employed as the source of carbon dioxide. The 
resulting complex s hydrolyzed to give an acid. The carbon atom of the 
carboxyhc group comes from carbon dioxide. 



CH3MgBr 


CH,COO-MgBr+ 


H3O+ 

► CHiCOOH^MaOHBr 

My (I) CO, 

C,H,Br s C.HftMgBr ► C.HjCOOH 

ether (ii) H,0+ 

2. Hydrolysis oj Sitnles • A highly useful method for the preparation 
of adds is the hydrolysis of nitriles, i.e , compounds conUininga — CsN 

(I) Base 

CHiCH,C-c.N a Ch, ’H3COOH f NH, 

(10 H+ 

function. Hydrolysis by a base by prolcmged refluxing forms the sodium ' 
salt of the add and ammonia is liberated. The acid can be obtained by 
addiiying the reaction mtxtnre. Hydrolysis can also be accomplished in 
acid medium. 
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CHjCSN r-V-' * CH3C*NM ^ssssS CH3C 


♦/ H 5 O/H 

< ► CH3C CH3COOH + NH4 

^OH 

This method is limited b> the availability nf a nitrile Mandeiic acid mav 
be preiMred in the following steps . 

HCN tL<)/H+ 

C.H^CHO 1. C,H,CHCN C.H,CHCa>H 


BenzaMehyde 


Vfandtiitc acid 


3 Oxidation of Primary Alcohoh or Aldehydes (. hemical oxidizing 
agents readily oxidize primary alcohols or nidchvdes to carbnxvlic acids 
The initial product of oxidation from an alcohol an .lidchMic, which is 
rapidly converted to the acid 

KXlnO, Oir- 

CH,CH,CH,CKjOH -> C H,( f I ^'If f OOH 

Butanol Hutsric jcid 

Mn(0\i.1, I otOVi3 

CH,CHO — >CH,rOOH 

A pressure 

Xeetaidehyde Acetic tuid 


Acetaldehyde is converted by an oxidation m acetic acid over cobalt- 
maagaaese acetate as catalyst The majoi fractioa of the product is marked 
as glacial acetic acid Acetic acid 1 $ the chief constituent of vinegar. 

An extremely miM but selective oxidizing agent for aldc|i>dcs is silser 
oxide suspended in aqueous base An uasaturated acid is olitained ia goo<l 
yield with this reagent because the double bond remains ung}uchcd. 


If CHO 

)-/ 

c,h/ \h, 

2~>Methyl— 2— peittensl 


Ag,0 

p. 

sc. lew 




2 — Methyl— J—penknoic acid 
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4. Monocarboxyl ic acids may also result from the decarboxylation of 
dicarboxylic acids. Acetic acid is thus obtained from malonic acid. 

COOH 

/ A 

H c — CH,COO»+CO, 

\ 

COOH 


5. Another useful method constitutes the hydrolysis of carbox) lit acid 
derivatives such as acyl halides, amides or anhydrides. 


O 

H,0'H+ 

C If .CH^CC 1 — -»■ ^<^OOH 

O 

CH,CH/' (•H,CH,COOH , Nlf,+ 

\h. 


O 

6. Hy ihf Oxulutioii of Kttones ' Oxidation of — CCHa group 

with sodium hvpothlotite (NaOH CIg) result' in a carboxyl group forma- 
tion 


O O 

fil NaOll, c . 

R-CCH, RC— OH4-< HCIg 

(III H+ 


It is a specific reagent for this group. 

7 Arndt— rt\tcrt Ran turn ll is a highl> useful method for preparing 
next higher homologue of a carboxylic acids. 

O _ + O 

StH 1 C’lli— N=N ^g.l) 

Ar -COH - - ^ AiCOCI ► Art. CHN, ► 

-N, 


H.O 

Ar—CH C . - O — AiCH^COOH 

8. Formic acid may be obtained by heating carb«m dioxide with an 
alkali. The acid is regenerated with sulfuric acid. 

CO, -h NaOH ► HCOO“Na+ ► HCOOH-fNaHSO, 
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18 4 ACIDITY OF CARBOXYUC ACIDS 

Carboxylic acids arc only partially ionized m aqueous solutions and thus 
display weak acidic properties. A convenient way to measure the acidity of 
an acid is in terms of its loni/ation constant (K«) For the ionisation of ace- 
tic acid, the best known representative of this scries, the expression for 
is obtained as follows 

CHjCOOH I 7~' C H.C OO i H,0'^ 

^ {Clf,COOi {H,0+1 
f(H,tOOHJ 

The concentration term for water is neglected since it is not affected to 
any appreciable extent by the ionization of the acid 

A higher value for K, implies a strong acid For acetic atid, K„ is 
18 10 *. a value which is observed for weak acids The corresponding 
value for trichloroacetic acid (CI^CCOOH) is 3 10-‘ Thus the acidit> 
inctcases by replacing the hydrogen atom with chloiinc The inductive 
electron-withdrawing effect augments the acidity 

Carboxylic acids arc stronger than alcohols even though they art 
weaker than the common m moral ac ids Fhis is so because after the carboxyl 
group loses a proton, the resultant cirboxylate anion is stabili/cd by 
resonance 

O O (r 0-> ^ 

/ / / / 

R C 0 — ► R C R ( or R -C’l 

\ \ \ \ 

Oil o- f) {) >/* 

The molecular orbital representation of the carhosylate anion is given below 



Carboxylic acids function as bases though weak ones, in the presence of 
strong acids The proton is captured by the carboxylic acid and the follow- 
ing equilibrium is established 

O OH 

R-C 4-H.SO. R-C 

\ 

OH OH 


-l-HSOr 
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The contribotions of conjugative and inductive effects to influence the ion- 
ization constant of carboxylic acids have been described in Chapter 3. It 
may be recalled that electronegative substituents have an inductive acid- 
strengthening effect in the case of aliphatic carboxylic acids. Electropositive 
groups decrease the acidity. For aromatic acids, an additional factor, i.c.. 
the resonance of the n — electrons of the ring must be considered. The 
resonance stabilization of the carboxylate anion results in increased acidity 
of the acid. 

18.5 REACTIONS OF ALIPHATIC CARBOXYLIC ACIDS 

The most important properties of carboxylic acids are their conversion to 
important functional derivatives. The reactions of carboxylic acids may be 
discussed under the following categories. 

(a) Reactions involving the -Off group 

(b) Reactions involving the C— () group 

(c) Re-'ctions involving the — COOH group 

(d) Reactions involving the aliphatic moity. 

a. Reactions involving the — Off group'. 

1, Carboxylic acids react rapidly with aqueous solutions of sod- hjdro- 
xide or pot carbonate to form soluble salts. 

Cir»Cll,COOH4-NaOlf *. CI(,CH,COO-Na+ . H,0 

Propionic acid Sod propionate 

2CH,CH,COOH K,CO, j. :CH,CH,COO-K^ )-H,04C0, 

Propionic acid Po, propionate 

Aqueous solutions of these salts arc alkaline, they being salts of a strong 
base and a weak acid. The sodium or potassium salts of long chain fatty 
acids are known as soaps. 

2. Formation of l.sters : An ester may be prepared by the direct reaction 
between an acid and an alcohol under the catalytic effect of sulfuric acid, 
by a process known as oterijication. 


H+ 

CH,cooi Id CH ,01 1 c hsCooc i r,-i- h,o 

Acetic acid Methyl acetate 

This is a reversible reaction but the equilibrium can be pushed toward the 
right by using an excess of the alcohol. 

3. Amides can be prepared by treatment of the acid with aqueous 
ammonia in the cold. Initially an ammonium salt is formed and subsequent 
heating and dehydration produces an amide. 
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o o o 

II B A II 

RCOH+NK, ► RCO~NH,+ ► RCNH, I H,0 

4. The acid halides may be obtained by refluxing an acid with PCU or 
SOCIi The acyl halides arc obtained in good yields. 

CHaCX)OH 1 PCIj ► CH,a)CI t PfK'l, fHCI 

Acetic acid AceiyJ chloride 

ClCKiCOOH+SOCI, ^ ( ICHjCOCI * SO,+HCl 

Chioroacclit acid t'hloroaeetvi chloride 

5. Symmetrical anhydrides are obtained by heating together a caiN^xylic 
acid and acetic anhydride. Acetic anhydride, however, is prepared by a 

O 

/ 

O CH,CH,C 

/ 140 " \ 

2CHX'H,C' -► O 

\ / 

OH 

\ 

O 

Propionic acid l*ropionic anhvdritle 

Special method from Itetenc and acetic acid 
O 

TOO'* 

C’H,(X’H, > ( H, c -O (. H4 

Acetone i e w ire hc.itinx ciement Kclcne 


O 

/ 

CH,~C' 

CH, .C«0 1-CH^OOH -> O 

CH,-C 

\ 

o 

Acetic anh>dridc; 

6. ReMthn with Dbtzotnethane : A synthetically useful reaction of 
carboxylic acids is the formation of methyl esters by reaction with diaxo- 
methaae 


RCXX)H+CH,N, 


RCOOCH, i N, 
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Mechanism 

Initially the acid transfers its proton to diazomcthanc itimilar to acid-base 
reaction. The carboxylatc anion then makes a nucleophilic attack on 

CH3— N to yield the ester. 

=N fibo + CH3NSN 

0/^ A S 

Rgo 4CH,iN =N ► RCOCH 3 + N2 

b. Reactions Involving the C arhonyl Group: In the caiboxyl group, the 
carbonyl and the hydroxyl groups are in close association. This tends to 
modify *hc ,!.cmi.s{ry associated with either gioup alone In particular, the 
type of nucleophilic addition reactions identified with the carbonyl group 
in aldehydes or ketones are commonly not observed with acids. This may 
be accounted fot by the fact that an attacking base preferentially abstracts 
an acidic pioton thus forming its carbo'y late anion. The anion, in turn, 
because of its negatisc charge and large resonance energy, lesists the addition 
of a second molecule of the attacking base. It thus does not form an oxime 
or phenyl hydr.uone. 

1 Reduction. Lithium aluminum hydride reduces a caibo.xyl group 
to a primary alcohol. The 1 eduction, however, d >«.j not take place with 
NaBif4 although diborane (Bjll,) reduces it. 



I ViH 


1. 'AIM^ 



CMjOH 


C'y'lobulane 
carboxylic acid 


c'yclobji me 
1. Albino! 


Reduction of the caiboxyl group with LiAlHi also takes place to an 
aldehyde at low temperature. 

SOC'I, NHg roci, 

RCOOH ► RCOCl ► RCONH, ► 



454 A Textbook of Organic Chemistry 


RCN 


UAIH4 


R-C. 

A 


rN-Li 


HjO 


R-C»NH 

1 

H 


H+, H,0 


R-C-0 

I 

H 



C«N 


(II 1 1 AIII 4 . -50*0 

— — ■■■ — -» 

(III H+. H,0 


CHO 


tv Retwnons Invohing the Carboxyl Croup 

I . Decarboxylation: Sodium salts of the acid, on fusion with soda lime 
(NaOH+CaO), suffer loss of caibon dioxide and the corresponding hydro- 
carbon is obtained 


Soda lime 

CHaCHiCOO Na^ CO, 

A 


A carboxylic acid c m be dccarboxylatcd without soda lime if it contains a 
P — carbonyl group or a p, y; - C-sC’ bond as shown below 



I — Lthy 1— 2 — t yclohesanone 
carboxylic acid 


1 — 1 .1 hy Icy vlohexa n one 


Mechaniitn 



2. Uimducker Reaction: Carboxylic acids form silver salts by ttcating 
its ammoniacal solution with silver nitrate. The salt, on refluxing with bro- 
mine, forms an alkyl bromide. This is known as the Hunsdiecker reaction. 

NH 4 OH. AgNO, 

► CHiCHuCHjCOO-Ag* 


CH^H,CH,COOH 
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Br, 

CH,CH,CH,COO-Ag+ ► CH/:H,CH,Br t AgBr+CO, 

CCl, 

COC“Ag‘*' Br + AgBr + C(^ 

The reaction is believed to proceed via a free radical chain mechanism 

3. Kolbe's Electrolysis', In this reaction an aqueous solution of sodium 
or potassium salt of the acid is subjected to electrolysis. 

O O 

Anode 

RC — O '■ ' ► RC*“0 R "I CO^ ' * R—R 

c 

At the anode the caiboxylatc ion loses an electron to become a radical, 
which on decarboxylation and coupling forms an alkane. 

d. Real lions Inxolvma the Ahphatu Motet \ 

1 Carboxylic acid can be oxidized by selenium dioxide, ScO.., at the 
a-mcthylcne group to yield a keto acid. 


O 

ScO. I 

RCH^COOH — ► RC'COOH H,0 Sc 

2. Heil-yoihard Zelinsky Real tion Hydrogen atoms on an x-carbun 
atom can, in an aliphatic acid, readily be replaced with chlorine or bromine 
in the presence of a catalytic quantity of led phosphorus and the respective 
halogen (Br^ or Clj). The reaction is facilitated by using phosphorus tnbio- 
midc The second hydrogen may be replaced by using cxrass of the halogen. 
If there arc no such hydrogens available, the reaction does not proceed. 
For intance, pivalic acid does not react under these conditions. 


RCHjCOOH 


♦ RCHCOOH 

t 

Cl 


Bfj, P Ur. P 

RCHjCOOH ► RCHCOOH » 

i. 


Br 


RCCOOH 


L 
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CH, 

I Jifsi P 

H3C— C~COOH — No reaction 

I 

CH, 

Pivaltc acid 

The reaction can be employed for structure determination and in the syn- 
thesis of a-amino acids. 

Mechanism 

The reaction is not a free radical chain process. Phosphorus tribromide or 
trichloride helps to convert the acid into an acyl haiide. The important step 
is the reaction of bromine with the enol form of the acyi bromide. The acyl 
bromide undergoes enoiization much more readily than the acid itself: 

O 

!! 

3 CH,CH,CH,COOH i PBr, > .K H,CH,CH.,CBr 1 H3PO3 

O OH 

!1 i 

tH,CH,CH.,C— Br CH,CH,CH C— Br 

/OH O 

k t « 

*• CHaCHjCMCBr , HBr 

. i 

Br — Br Br 


O 


ii 

CH,CH,CH,COOH r CH,t H,CHCBr 

Br 


O 

i: 

CH,CH,CHCOOH 4 CH,CH,CH»CBr 

I 

Br 

Section B: UNSATURATED CARBOXYLIC ACIDS 

Carboxylic acids and their derivatives containing a bond arc well- 

known natural compounds, oleic add lCH,(CHj,CH CH(CH»)7COOHJ 
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is present in olive oil. Many of them are known by their commem names, 
however, lUPAC names may also be given to the complicated members. 
Physical constants of some acids arc given in Table 18.2 


Table 18.2 Physical Coastaats of Uasatoratad AcMt 


Acids 

Common Name 

lUPAC Name m.p 

b p. ("O 

H,C«CHCO()H 

Acrylic acid 

1 — Propenoic acid 1 2 

142 

Cn^LH CllCOOH 

itan ^ — C rottmic 

acid 

rrani — But — 2 — 72 

enoic a< id 

IKV 

C^ll^CH CIK'OOII 

11 coon 

\ / 
c 

t 

/ \ 

11 COOH 

H toon 

\ / 
c 

/rrtri— Cinnamic 

dcUi 

irans — ^ — PhenvJ- l?7 
propenoic acid 

-too 

Nfaleic acid 

-Butenedioic 1 30,5 

acid 


1 

c 

/ \ 

HOOC' H 

Fuinanc acid 

frans *Bu(cntfdioit 02 



18.6 PREPARAITON OF UNSATURATED ACIDS 

Unsaturated carboxylic acids are prepared by the following general methods. 

1. Oxidation of Airolein: Oxidation of croletn by silver oxide leads to 
aciyltc acid. Silver oxide is a mild and selective oxidizing agent as it docs 

not touch the ~C^ double bond- 

/ \ 

Ag,0 


CH,«CHCHO 

Acroitm 


^►CH.^CHCOOH 

Acrylic iiiild 
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Uuaaturated methyl ketones are oxidized by hypohalite, i.e. the baloform 
reaction, to carboxylic adds. 

O 

N'aOCl 

CH,CH ^CHCCH, CH,CH»CHCOOH+CHCI, 

3-Penten-2*oiie Crotumc acid 

2. DehyJrohahgenatioH of « — Halo Acids', Unsaturated acids can be 
obtained by elimination of a molecule of HX m the presence of ale. K.OH 
from an halo acid. The « — halo acid can be prepared by the Hell-Vol- 
hard 2^1insky reaction. 


aic KOH 

CH,CHCOOH CU, CHCOOH • KBr+H,0 

I 

Br 

«— •Bromopropionic 
acid 


3. Perkin Reaction- This is the most commonly used laboratoiy method 
for the preparation of cionamic acid and its derivatives 


O 

. / 

\ 0) K^’OA*. 

C,H,CHO t O t,ll,CH CHCOOH 

/ (n) H+ 

CH,-C 

\ 

o 


4 Both maleic and fumaric acids may be prepared from malic acid on 
beating. In the mixture, maleic acid being eis forms an anhydride and thus 
can be separated from fumaric acid. 


CHCOOH 

CHCOOH A CHCOOH 

I ^ ► I 4-HOOCHC 

CH{OH>COOH CHCOOH 

Maiw acid Maleic acid Fumaric acid 



Maleic Acid | Fumaric acid 
I heat 
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O 


CH-C 


CH-C 


/ 


o 


♦ 

Fumaric acid 


CHCOOH 

CHCOOH 
Maleic acid 


5, Ifydrolysh of I nsaturated Nitriles' Nitriles which may be obtained 
by the S/v2 displacement of a halogen by a cyanide ion which on hydrolysis 
yield carboxylic acids. 


CN- HjO H+ 

CHe - CHCH*CI ► CH* --CHCH,CN ► CH,- CHCH*COOH 

alcohol 


All\l chloride 


Vinyhtcclic acid 


C,H»CH,CN-bHiO+NaOU 


Ben/yl acetonitrile (Benrylcyanide) 


A 

► C,HsCH,COO-Na+ i NH, 

H+ 

'r 


C,H»CH,COOH 


Phenylacetic acid 


18.7 REACTIONS OF UNSATURATED AaDS 

1. Addition Bond: Various reagents adds to theC Cbond 

, / \ 

of uosaturated adds to form useful derivatives. 
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a Addition of fVater; Water adds to an unsaturated acid in the presence 
of a mineral acid to provide a hydroxy acid. 

CH, -CHCOOH-{ HjO C'HjCHCOOIl 

I 

OH 

Acrylic acid a — Hydrosypropionic acid 

b Reduction: A saturated acid results by reduction of an unsaturated 
acid with Na/C,HjOH 


Na/ ^H.OH 

CHj t nCOOH ► C\lji H/OOH 

\*.r\Iic acid Propionic acid 

c Addition oj Broni'm Biomine adds to an unsaturated acid to form 
a dibromo acid 

CH, CHCOOH-t Br, ► CH,< HCOOH 


Acrvlic acid 


Hr Bi 

« 3— DiNomopropionic 
acid 


d Addition w/NH, and its ih'rlvutnts Vramonia and lU dciisatises 
add to a C -C bond of carboxylic acids 

H COOH 

C 


C 

HOOC H 


. fsH, HOOtCHjC HCOOH 

1 

MI, 

i umaric acid Ammo ikUcvimt and 

C,H,CH CHCOOH II,NOH — C,lUCHCH,COOH 

NHOH 

1 — (N— Hvdfox\aminoi- 
t— phenv Iprepionic acid 

2. Formation of Lsters . Like their saturated analogs, ti|c unsaturated 


acids also form esters with alcohols. 

CH^H-CHCOOH +C,H»OH 
Crolonic acid 


H+ 


CII,CH^CH(XX)C,H, 
Ithyl crotonate 
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3. Dehydratioa: Maleic acid loses a molecule of water on heating at 
ISO* but the isomeric is recovered unchanged. 


H COOH 

V 

11 

A 

M COOH 


150 


\ a" 

il 0 
■^0 


Mdicic acK 


Malcic anh>dnde 


n COOH 

\/ 

C IM)® 

j 1 

c 

Hood^ \f 

I unwic acul 


No reaction 


4 Oxidation: NV ilh dil KMn 04 , atr) lie aeid is oxidi/cd to glyceric acid 


K 

CH,==:CHCOOH CH,~t HCOOH 


\cr\l'c acid 


iin in 

GKccric acid 


Section C : HYDROXY CARBOXYLIC ACIDS 


Hydroxy carboxylic acids contain at least one — OH group attached to the 
hydrocarbon chain. Many of them occur naturally, for instance, tartaric 
acid (to grapes) citric acid (in citrus fruits), glycolic acid (a constituent of 
cane sugar) and maleic acid (occurs in fruit juice) Hydroxy acids arc often 
given the trivial rames (Table 18.3). The hydroxy group may be present 
either of the a, p or y position. 



MA A Textbook of Oifotiic Chemistry 


Table 18.3 Physical Ceastaats of Hydrwy Aci8s 


Acid 

Name 

mp (®0 

HOCH,COOH 

Oiycoltc acid 

80 

CH,CHC<X)H 

1 

OH 

Lactic acid 


r.HsCHCOOH 

1 

OH 

Mandetic acid 

120 

CH.—C’HCOOH 

) f 

OH OH 

Glyceric acid 

— 

rH(OHKOOH 

1 

CHjCOOH 

(— ) Maleic acid 

101 

CH<OH)aX)ft 

1 

CHfOH)rOOH 

lartaru acid 

170 


CHjCOOH 

i OH 
/ 

C Tiiric acid 

I\ 

! ((X>H 

i 

CHjCOOH 


18.S PREPARATION OF HYDROXY CABOXYUC ACIDS 

Hydroxy acids may be prepared by the following general metlv>ds. 

t. lUformatsky Reaction: An aldehyde or ketone reactf with an «- 
brotno ester and inctalirt: zinc to yield a p— hydroxy acid. This is called the 
Re/ormatsky reaction. 


CH, 

\ 0) Zo 

C ' O+BiCHiC00C,H* 

(li) H'*' coU 

Acetone tihyl broiiKxieetate 



CH, 

I 

CH,OCH,COOC,H, 

C^ZnBr 
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CHa 

H,0* I 

► CiI,<XH^OOH+C,H,OH 

in 

3 — Hydroxy — 3 — methylbutanoic acid 


BfCHjCOOCjM^ IlU \f'CHyC00H 

Zn H+ 

C,H,CHO f BrCtf,COOC,H5 > ► C,HiCHOHCH,CbOH 

A 

p — Hydrox) — p — {>henyipropionic 
acid 

Zinc is preferred to Mg because the Grignard reagent will react with ester 
(BfCH,cOoC,H4). 

Mechanism 

The mechanism of the reaction begins with the formation of an organozinc 
reagent and may be considered as the anion of the ester. This carbanion 
makes a nucleophilic attack on the carbonyl group of an aldehyde or ketone 


BrCH2COOC2H5 + Zn 


O” ^nBf 


HjC « C»C2H5 


ZnBr 

4- **2^7 COC2MS 


Cf ZnBf 

.^C-CHjCOOC^S 



-CCH,COOC.H, 

I 

OH 


This on hydrolysis on healing yields the acid. 

2. Hydrolysis of a — Halocarboxyt" acids', A « — halocarboxylic acid 
prepared by the Hell>Volhard'Zclin$k> procedure on hydrolysis forms an 
hydroxy add. 


OH- 

CH,CHCOOH 

Ar 

a-~Btontopfopionic acid 


CH^CHCOOH 

in 

Lactic acid 
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3. Hydrolysis of Cyanohydrim : This is the most general method for 
the preparation of hydroxy acids. Both the —OH and — COOH groups arc 
introduced according to the following sequence of reactions, 

OH OH 

HCN / Cone. HCI / 

CHjCHO ► CH,CH CH,CH 

\n \ooh 

4. Hyihrolysis of Lactones •. Hydrolysis of iactone.s is another method 
for obtaining hydro.xy acids. A y — lactone, on hydrolysis, for instance, results 
in Y — hydroxy butyric acid. 



Y — Lactone 



y—H>'dro.s> butyric acid 


18.9 REACTIONS OF HYDROXY ACIDS 

1 . Dehydration : This is the most important reaction of hydro,xy acids. 
They undergo dehydration in the presence of an acid or on heating. Three 
types of acids (a, ^ or y hydroxy) lead to different products and this can 
thus serve as a test to distinguish them. 

a. a,— Hydroxy Acids : « — Hydroxy ticids arc not capable of forming a 
stable lactone but undergo inicrmoiccular self-csierilication. The final cyclic 
product containing two carb jnyl groups is called a laclidv. 

CMjWH ^ ^ H3C,>K^0 

COOH HOCHCHj .jHjO’’ 

Lactic acid i.actic acid A cyclic ester 

b. ^Hydroxy Acids: A 9-hydroxy acid loses a raolttjcule of water to 
yield an unaatunted carboxylic acid. The dehydration be brought 
about by heating with an acid. 

H+. A 

CH,CH,COOH ► CH,«CHC00H 

in 

^~Hydroxypropi 0 nk Acrylic acid 

acid 
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c. 't’ Hydroxy Acids-. A lactone, i.c. a cyclic ester is obtained in this 
case. Lactonization occurs rapidly to yield an equilibrium mixture. 


CHjCH^CH^COOH 

I 

OH 



Y — Lactone 
(A cylic estet) 


It is a reversible process as the hydrolysis of lactones affords hydroxy 
acids. However, if the lactone formed is stable, i.e., five or six membered 
ring lactones, then a substantial amount of the lactone is formed. Larger 
ring lactones are difficult to prepare because of the less probability of ring 
closure. 

2. Reaction with PCI-/ The — OH group can be replaced by Cl in the 
presence of phosphorus pcntachloride. 

PCI* 

Cff,COOH ► C1 CH,COOH-i-POC'|,-lHC1 

^H 

Gbcolic acid a^^^'hlofoacetic acid 


Section D: DICARBOXYLIC ACIDS 


A dicarboxylic acid contains two carboxyl functions attached to the same 
or different carbon atoms. All dicarboxylic acids are solids and the lower 
members are soluble in water. Aliphatic dicarboxylic acids are named as 
alkanedioic acids in the lUPAC system. They are also given common names. 


COOH CHiCOOH 

I I 

COOH CH.COOH 


a COOH 
COOH 


Oxalic acid 
(Hthancdioic acid) 


Succinic acid 
(BuUncdtoir acid) 


1 1 — Cyc»^hcxanedic,irbox> I ic 
add 


a COOH 
COOH 


CH, 


OCCHi'HCHiCOOH 
CH, 


Phtfaalk actti 


•,g-~niincthylg)utanc acid 
(2, 3~-T)itneth>lt>entute<)ioic acHi) 
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HOOCXrH,CH,COOH CH,CHiCH,CHCH,pOOH 

<!:h,cooh 

Butanedioic acid 1 — (Carboxymethyl) hexanoic acid 

Physical constants of the acids are listed in Table 18.4. 

TaMe lt.4 Pbysical Constaate ef Dkarboxyilc adds 


Fonnuk 

Name 

K, vlO* 

K^xlO* 

m.p CC) 

Oxalic acid 

HOOt'-COOH 

^500 

5^ 

m 

Maionic acid 

H<XXXH,COOH 

171 

.22 

136 

Succinic acid 

HOOqCHjJjCOOH 

m 

0 ^5 

Ih5 

Otucaric a^^id 

HO<)C(CH,>,CtX>H 

4 7 

0 y> 

9h 

Adipic acid 

nooctciiji^cooH 

^7 

0.24 

ni 

Piniclic acid 




10^ 

Suberic aad 

HOOC(CH,),COOH 



144 

A/elaic acid 

H(KX'(CH,VtX3H 



106 

Scbacic acfd 

♦ 



174 


^^COOH 




Phthaiic Avid 

r x 

no 

v> 

2M 


COOH 

1 




teHphihalic acid 


2V 

2 5 





i 



COOH 

TereiAitbalic scid 300 (wb> 


COOH 
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The inductive effect of one carboxyl group is expected to enhance the 
addity of the other - CX)OH group. The acid dissociation constant Ki is 
high« than Ka. 

18.10 PREPARATION OF OICARBOXYLIC AODS 

1. The first member of the senes, i e., oxalic acid is prepared by beating 
sodium formate in the presence of an alkali Oxalic acid crystallizes out 
from water as a dihydrate. 

HCOO-Na+ NaOH.A COO" Na<^ H+ COOH 

4- ^ I >. I 

HCOO- Na+ COO- Na+ COOH 

Sodium formate Sodium oxalate Oxalic acid 

2. Several of the dicarbuxylic acids arc obtained by the hydrolysis of 
the corresponding cyanides 

a,. P NaOH 

CHaCOOH ► CICH^OOH ► CICH,COO-Na+ 

NaCN HLO.H* 

»> CNCH/:00- Na+ ► HOOCCH/TOOH 

up 

Malonic acid 

NaCN 

BfCHpH,CH,Br ► CNCH,CH,CH,CN 

HjO 

HP/H+ 

*■ HOOCCH»CH,CH,COOH 

Giutaric acid 

3. Succinic acid is prepared from maleic anhydnde which in turn is 
obtained from benzene by its drastic oxidation. 

0 

BtHtXMie Matelc anhydride 

4. Adipic acKi is obtained commmercially by a number of methods, 
a. Oxidation of cyclohexene: 


^C-COOh h 2 Pt CH2COOH 
CMjCOOm 


II 

HT-COOM 


Maleic wid 


Succinic acid 
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HNO, CHjCHjCOOM 

-HjO I — _JI CHjCHjCOOH 

Cyclohcunoi Cyciohetene Adipic acid 

b. Oxidation of c>’clohexane: 

0,.Co,ol,.t CHjCH^OH 
95‘ * CHjCHjCOOH 

Cyckdkcxane Adipic acid 

c. From tetrabydrofurao (THF) by the following sequence of reactions 

O CICH,CHjCHjCH,CI 

Furan Tetrohydroruran 



CNCH,CH,CHiCH,CN ► llOOCCH»C HtCH/'HiCOOll 

5. Aromatic dicarboxylic. acids are obtained by the direct oxidation of 
hydrocarbons ; 





CMj 


CM, 




too 





COOH 


COOM 


Phthaiic acid 



■^‘QC 


COOM 

COOm 


+ CMjCOOm 
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;»-CyclopropyUoluenc 


rercphliMlic acid 


18.11 REACITO.NS OF DICARBOWLIC ACIDS 

Dicarboxyiic acids, in genera! display the tame chemical behavior as 

mono^arboxyiic acids. For instance, they can be converted into sodium 


/COO-Na+ \ 

/COCI \ 

/ CONHj s 

I 1 

1, acid chlorides 1 j 

|, amides I | j, 

\COO-Na+ J 

' \COClJ 

' \ CONH, / 


/COOCll, \ 

estersi I I and anhydrides 

[coochJ 

0 



I . Action of Heat: Malonic acid tulTers decarboxylation on hearing to 
yield acetic acid. 


150“ 

HOOCCH,COOH sCH.COOH , CH, 

Succinic, glutaric and phthalic acids lose water to form anhydrides. 

2. Action of Heat on Calcium Salt: Calcium salts of higher dicarboxyiic 
acids, form cyclic ketones, on heating strongly. 


CH2CH2~C00” 

1 

CH2CH2-COO 


Cakium adipate 


CyelopeataDOne 
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4. Malonic gckt. on heating with PiiOn, forms carbon suboxidc. 


0*=C~0H 

3 H~<Ch 

HO^^O 
Malonic acid 


A 

+ 2P|06 • " 


o«c 

II 

3 C + 4H,PO. 


Carbon suboxide, 
b.p. 6.3*C 


5. Succinic, glutanc and pbthalic acids form imides with ammonia. 


CHjCOOH 

I 

CHjCOOH 


2 NH 3 

— » 


Succtoic acid 


CH,C00’NH4 

I . . 

CH^COO NH^ 


300* 

- 2 H 2 O 



Suc4.mimidc 



fhthahe aetd 


PhlhoJunidc 


6. A hot solution of pot. permanganate quantitatively oxidizes oxalic 
acid according to the following equation. 

5 H,C, 0 ,+ 2 KMn 0 ,+ 3 H,S 04 K,SO,+2MnSO*+8H*0+IOCO, 


Section £: AROMATIC CARBOXYLIC ACIDS 

A carboxylic function (- COOH) is linked to an arom^itic residue in 
an aromatic carboxylic acid. The common naoies of severilaroouitie car* 
boxylic acids resemble the names of the parent armnatic hyerocarbpns, for 
instance, benzene and benzoic acid, naphthalene and naphwoic acid. etc. 
Subtitttted benzoic acids arc mther named with the prcfixel off Ao. meta or 
para or umng a numeral, in which case the carbon atom carrying the carboxyl 
group is numbered as 1. Several of these acids also have common names. 
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o—Hydroxyben/oic acid (Salicylic acid) 


o— >Aminob\.DZoic acid (.Anihranihc acid) 


COOH 



OCH 3 


P«— Mvihoxybcn/oic acid p- 

(Anisic acid) 


COOH COOH 



NOj OH 


■Nitrobcnroic p — ilydtoxybcoroic 

avid <u.id 


The methyl benzoic acids are given the special names of toluic acids. 


COOm 



0— Toiuic acid m— .Toluic acid p— Toluic acid 

Aromatic caiboxylic acids arc ciystallinc solids. Several of them arc miscible 
with water but arc readily soluble in most organic solvents. 


18.12 PREPARATION OF AROMATIC C\RBOXYIJC \CIDS 

1. Oxidation- The aromatic carboxylic acids are obtained by oxidation 
of the side chain of the benzene ring since the latter is sufficiently stable 
toward oxidtsiog agents. 

q,H»CH,CH,OH 


crfir,a* 

► C,HjCOOH 
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Alkaline pot. permanganate may algo be employed as an oxidiaing agent. 

It may be noticed tbat in tbe oxidation of the side chain, it is oxidized 
all the way back to the carbon atom linked to the aromatic ring. 

2. The Hahform Reaction: This is an important procedure for the pTC* 
paration of carboxylic acids from methyl ketones. 


> y — foo ** ♦ chcij 

/s—Methylscelui^cnooe p— .rolioc aetd 

Tn contrast to the preceding method only one carbon atom «s oxidised 
in the reaction. 

3. Orignard Reagents: The carbon.ttion of (iiignard reagents is a useful 
method for preparing carboxylic acldx. Benzoic acid may be obtained from 
phenyl magnesium bromide. 

<o. H,OH» 

CeH^MgBr C.HjC OO MgBr ► QH,CO()H + Mg(Oll)Br 

a-Naphthoic acid i» obtained m a similar manner 





k3U 


1 HjQ/ H 


' Xiy> 




g(_Naphth>t magnesium 
bromKlc 


a— Naphihute .ttid 


4, Hydrolysis of Mtrdes. This is highly useful method for the prepara- 
tion of carboxylic acids and employs oitrtles as intermediates. 




NaNO, tlCt <’uCN HjOU*- 

C'.HiN/Ch C.HjCN C,H»COOH 

(fC 


18.13 ACIDITV OF BENZOIC ACIDS 

Aromatic carboxylic acids arc slightly more acidic than the f Uphatic adds. 
This is attributed to the fact that the ap* hybridized carbon a|om of the ben- 
zene ring is more electronegative than the ip* hybridized cartoon atom in an 
aliphatic chain The phenyl gtoup thus funetkma as an dectrop-withdrawing 
group, tn the pbemoxide irm. the charge resides partly on thf benzene ring 
due to resonance and as a resale phenol is morcactdic than ethanol. In the 
same manner one would expect that linking the - COOH group directly to 
the boizeiie ring would augument the acidity of benzoicacid and make it 
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stronger thnn acetic acid. However, the difference is much less; for 
benzoic add, K««6.5xl0~‘ and for acetic acid, Ka-= 1.8 xlO*' because 
the acid itself is stabilized by resonance. 



This type of conjugation is less effective in the case of the benzoate ion than 
the phenoxide ion so the contribution of the aromatic ring to increase the 
acidity is less than in the case of phenol. The presence of electron-with- 
drawing groups in benzoic acid stabilizes the anion and thus increase the 
value of the ionization constant. This is due to the polarization of the 
following type. 



The electron-donating groups have the opposite effect, because they tend to 
destabilize the anion and thus localize the negative charge on the carboxyl- 
ate anion. This increases the tendency of the ion t<. regain the proton. The 
PKa values of some substituted benzoic acids are giv,>n below: 

.O' . 


Substhueni 

ortho 

nteta 

para 

NO, 

2.21 

3.49 

3,42 

OCH, 

4.09 

4.09 

4,47 

OH 

2,98 

4.0S 

4,57 

CN 

3.14 

3.W 

3.55 

Br 

2.8S 

3.81 

3,97 

a 

2.92 

3.83 

3.97 

CH, 

3.91 

4.27 

4.38 

H 

4.20 

4.20 

4.20 
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As is evident from tbe above vnluest the introduction of an alkyl group has 
very Iktle effect on the strength of benzoic acid. Electron-withdrawing 
groups, however, enhance the acidity. This effect is more pronounced when 
such groups are present in the ortho and pant positions. The electron 
withdrawing effect of o~-NOa group is particularly quite considerable which 
may be due to the short dis tance over which the powerful inductive effect 
of this group is operating. 

The presence of groups such as ~OCH„ —Oil or halogens which arc 
electron-withdrawing inductively but electron-donating mesomerically when 
present in <» — and p— positkms may even cause the p — substituted acidt to 
be weaker than the /n-substituted acids. 

It may also be noticed that the behavior of some o— substituted beo/oic 
acids is anamolous and the acid strength is considerabi) higher than expected. 
This is due to the interaction of the group with the adjacent carboxyl group. 
i.e. intramolecular hydrogen-bond formation. 

18.14 REACTIONS OF ARO.MATIC CARBOXYLIC ACIDS 

1. Aromatic carboxylic acids, in a manner similar to aliphatic acids 
form salts with NaHCC^ and NaOH, acid chlorides with Pt'l, ..r SOCl^. 
esters v^ith alcohols, amides with ammonia and aohyditdcs on heating. 

2 . Reduction- The carbiixyl group, analogous to the estei function 
» also reduced to a primary alcohol with I.1AIH4 

t iAttI« 

C,H,COOIl C.H,CH,OH 



j»— Tofmc acid jj— Mcth>lhcn/>1 alcohol 


The aromatic ring can be reduced under the Birth conditions, i c., by alkali 
metals in a mixture of liquid ^ammonia and alcohol. The reduced product 
IS an uncoujugated cyclobcxadiene. No further reduction takes |riace and 
the product 1$ isolated in good yields. 


CCX»w 



No^CjHjOH 


COOH 



1 ,4— -Cydehexagiene- 
1— carhosyiic acid 


3. Decarboxylation : Carb.)xylic acids evolve carbon dioxide on tieat- 
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meat with sodium bicarbonate. The sodium salt of the acid on heating with 
soda lime undergoes the loss of carbon dioxide to yield a hydrocarbon. 

Soda iiroe 

CtH6COO-Na+ C,H« |-Na,CO^ 




4-N02C03 


4. Ring Substitution : The carboxyl group is electron-withdrawing 
and is thus mtta directing. 


COOH 



COOH 



Ken/oic .icid 


Nrtfobenzofc 
acid mo 


18.15 INDIVIDUAL ACIDS 


18.15.1 Citric Acid 

Citric acid is a hydroxy tricarboxylic acid and occurs viJely in lemon, lime 
and other citrus fruits. It is an important intermcuiate in carbohydrate 
metabolism. 


Prt^pariilion 

1. The acid is obtained b> boding the fruit juices and then neutraliz- 
ing it with calcium carbonate. Calcium citrate so obtained is decomposed 
by sulfuric arid to obtain citric acid. 

2. It may be obtained from acctoncdicarbox>hc acid and ethyl bromo- 
acetate (BrCH^'OOC,H») by the Reformatskv reaction. 


CH^COOH 

Lo 

^HiCOOH 


(I) 8rCH,COOC^. Za 

(II) H,0/H* ** 


CH,COOH 
OH 




OOH 


ru mnu 
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Reactions'. 

1. Oo Iwatiog, to ISO*, citric tad forms acomtic acid by splitting a 
molecule of water intrainoiecuiarly. 


CH^OOH 

OH 

/ 

\oOH 

CH.COOH 

Otric acui 


CHCOOH 

|i 

C— COOH-I H,0 

in, coon 


Abontuc dbid 


2 It form^ salts with alkalis, esters with alcohols, chlorides with PCI* 
or SOCij, and amides, with ammonia. 

3. With hot oonc, sulfuric acid, citric acid loses carbon monoxide and 
water and forms acetoncdicarboxvlic acid 


CH,COOH 


OH 


'\C00H 


COOH 


CHjCOon 

Hoi cone. H^SOj j A 

c O +00+11*0 — ► 

C^H,COOH 


( n» 

i.-=0 ^2C0, 
I 

(ii, 


Citric Si id * \cct(iflcaicdrbox>tic Acid 


which on further beating forms acetone and carbon dioxide 

4. Treatment of citric acid with hxdroiodic acid yields tncarbaliyiic 
acid, 

rH,COOH 

i tH,COOH 

HI I 

— ► CHCOOH 
\COOH I 

CH,COOH 

CH,COOH > 

Citric acid mcarballylic acid j 

i 

Citric acid and tartaric add differ in their following properties. 

a. Critic acid is optkatty Inactive whrfe tartaric acid tho^ optical activity 
b Citric acid, on lieatinf at 150*. foiais aconitic add While Urtarlc acid 
yidds tartanc anh>dnde. 

c. With HI, citric add yields tricartmUyKcacid white tartanc acid forms 
sucdnic acid. 
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USES 

Citric acid esters find use as piastici/ers. The acid itself is added to soft 
drinks and candies. It is also employed in the dye industry. 

1S.15 2 Saikylle AcM 

The most important of the phenolic acids is the salicylic acid (o>hydroxy- 
benzok acid). 


* Preparation 

1. Salicylic acid is picpared by the Kolbe’s reaction which mvohes the 
reaction of phenoxide ion with carbon dioxide to yield sodium salicylate 



The a*'i<; ' regenerated by treatment with HC I 


Meihamsm 



2. It may also be obtained by the oxidation of o-crcsol 



Reactions 

Salicylic acid behaves chemically similar to aromatic carboxylic acids and 
gives reactions of both phenol as well as the caiboxyl group. 

1. Salicylic acid forms sodium salt alkalis. With methanol it is csteri- 
fled to give methyl salicylate it is a pleasant smelling oil and is used in 
making ointments such as lodcx 

■4*CH20H '*■ " r HjO 

^‘"-^C00CH3 



Salicylic acid 


Methyl salicylate 
(oil of winter green) 
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The phenyl ester of salioyltc acid is known as saM, 

2. The phenolic group u acetylated with acetic anhydride to form 
acetyl salicylate. 


+<CH,CO>jO 



^.rs^ococHj 

lT 


CHjCOOH 


The sodium salt of acetyl salicylate is known waspirtn 

3. With j[du»phorus pentachioridc, salicylic acid forms o — chlorobenzoy! 
chloride. 



4. On heating with soda-lime the acid sields phenol. 




OH 


USES 

Salicylic acid derivatives are used in medicines Salol is used in coating pills 
in order to permit their contents to pass into the intestines. Aspirin is used 
widely because of its analgesic (pain killing) properties 

1815.3 ABthraattk Acid 

ft IS an o— ammo derivative of benzoic acid 

Freparation 

1. AnthraiuUc acid may be prepared fiom ti—nilroioluene by the 
foUofwmg sequence •' 



2. CommeteiaUy, it » obtained by reactnig phthalinidc with nikahne 
iod. hypochlorite. 
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I 

0 


Anthruoilic acid is a colorless crystalline substance, m.p. 145‘ and is 
soluble in water, alcohol or ether 

Reactions 

1 .The amino group of anthranilie acid undergoes the Sandmever reac- 
tion. 



Am«*4r>lic aetd i> — Chlorohenroic acid 


2. Like other carboxylic acids, the carboxyl group of the acid forms 
esters with alcohols, salts with sodium hydroxide and amides with ammonia. 

3. The sodium salt, of anthranilie a^id, on fusion with soda lime, yields 
aniline 


1 ll CoO NrtOH 



4. The diazonium benzoate, obtained fromanthrahe acid is of particular 
interest because it readily decomposes to beazyncon warming. This under- 
goes the Dicis-Alder reaction with furan. 


^rx^COONo* 

r ij 

r.ir.te 

, I 

8 

^1+ COj+N, 

OH 


,0 

Oil • 

0© 

a^Naphlhol 

» 

1 ,4— Dihydronaphthalene-1 ,4~-o\ide 


USES 

Mefenamic add, a derivative of anthranilie acid is used as an antiinflam* 
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matory agent. Antbranilic acid is used in tho preparation of indigo and in 
perfumery. 


QUESTIONS 


18.1 Give lUPAC name for each of the following compounds* 


a. CH,CH»CHCOOH 


b. 



COOH 


J^^jTHCOOH 

CH3 


d. (C.H,C0),0 

e. ci/:ucooi{ 

O 

8 

f. HOC(CH,)|COOH 

O 

g. CH,CNHC,H, 

O 

h. CH,CCH CHCOOH 




Carboxylic Acids 481 


18.2 Discuss the action of heat on hydioxy carboxylic acids. 
18. 1 How will you effect the following conversions? 


COOH 



b. 



riis(X’H/:ooH 


c. 






d. CHafHjCOOH — 




CH3 
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m. 


CM3C 



CH3CH2C00H 


n. 





OCOCH3 

COOH 
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OH 


COCI 


CeHs-OH 


g- C^H^-CHO + Br-CHCOOCpHj 


•)2n 


COO 


CH 3 
4- Brj > 


ii) H^O ^ 


HCOOH 


( 0 ) 


COCH3 

‘ C>0H 


Nd, CjHLOH 

k. C.HjCOOH 

Nil, 


18,6 Write mechanism> for the following reactions 




CH,C00H 



0 


18.7 How do you account for the fact that a carboxylic acid does not 
form an oxime or a {>hen>l hydtazone'’' 

18.8 Which ketones of the formula C^lf^O will yield an acid by the balo- 
foim reaction? 

18.9 A hydrocarbon with molecolar formula yields (ditbalic acid 
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as the only product on oxidation. Wntc the structural formula of 
the compound. 

IS. 10 Suggest a simple chemical test to distinguish between: 


a. Formic and Acetic acds 

b. Lactic and Malic acids 

c. Crotonic and butyric acids 

d. Acetic acid and acetyl chloride 

18.11 An unknown acid A (mol, wt. 104) contains 34.6% C and 3.85% 
}{. A 3.312 mg sample of the acid requires 7.33 ml of 0.01 N 
NaOH for complete ncutrali/ation. Suggest a structure for the acid. 

18.12 Describe two methods for thepieparationofsalicjlic acid. How 
would you convert jt mto a. phenol b Salol, c. benzoic acid and 
d aspirin? Give its at least twomedicina! uscs. 

18.13 is citric acid prcp.ired? Discu'.s its important properties 
How docs it differ from tartaric acid? 

18.14 a. How is anhydrous formic acid obtained? 

b. Describe the mechanism of estcrilication of an acid. 

18.15 Give an acceptable explanation for the observation that a carbonyl 
group in a carboxylic acid docs not react with phenyl hydrazine. 

18.16 L'numcrate the general methods for the preparation of aliphatic 
hydroxy acids and explain how will you proceed to distinguish a, & 
and y-hydroxy acids from one another. 

18.17 On analysiSt a nionocaiboxylic acid was fou.rd to contain 40‘’oC, 
6 . 66 '’,, H and 53.34“,, O. 0.985”,, of its silver .salt gave on ignition 
0.54 g of the metal. On treatment with HI, the acid was converted 
into another acid. The original substance cn heating lost water and 
left a third acid. What is the structural formula of each of the com* 
pound referred above ? 

18.18 Why are alcohols weaker than caiboxylic acids? Give the struc* 
tural formulae and lUPAC names of the first five members of 
monocarboxylic acids and reason out their relative strengths. In 
what respect does formic acid differ from acetic acid and why? 

18.19 Give one method of preparation of two properties and one use of 
anthranilic acid, 

18 . 20 Give three general methods for the preparation of saturated aliphatic 
monocarboxylic acids. Mention their important chemical reactions. 

18.21 How is lactic acid prepared in the laboratory? What is the action of 
the following on laede acid? 

a. Acetyl chloride b. dil H 1 SO 4 c. Oxidizing agents d. PClg 
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Functional Derivatives of 
Carboxylic Acids 


The carboxyl function, on replacement of the — OH group by other groups, 
forms 4i number of important derivaiivct, among these arc. 

O 

A. Acyl chlorides R— C’— Cl 

O 

/ 

B. \cid anydndes R—C 

\ 

O 

/ 

R—C 


O 


c. 

Acid amides 

R—C -NH, 



O 

D 

Lsters 

R_C— O-R 

Ail 

the above derivatives have a 

common structural feature, i.c., 


they possscss a carbonyl group and yield an acid on hydrolysis. 


SecdoD K\ ACYL HALIDES 

Acyl chlorides do not occur naturally but are prepared in the laboratory as 
highly reactive starting materials m the formation of other acid deriyatives. 
Both aliphatic and aromatic carboxylic acid chlorides are known, They 
have both common as well as lUPAC names. The common name is derived 
by rcplaciiig the suffix -k by -yl from the name of the parent acid. The name 
of the halide is added as a second word. 
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O O 

' II 

CH,COH+SOCI, — ► CHaCCI+SO,-* HH 

O O 

'! 

C.HsCOH+PCI, — ► C,IT,CC1+P0CI,+ HCI 

.O'"®' *H 3 P 0 , 

C>clopentan«carbox>hc <'>clopcrlaiic<.uibox>lic aciil hrointdc 

acid 

Acyl fluorides, bromides and iodides can abobe prcpaicd but thc> oiFer 
no advantage over the less expensive ac}l ehloitdes. 

19.2 REACTIONS OF \C\L HMJDlS 

l.Atyl chlorides ma> be converted into other atid dcnvutivev as shown 
below’ 


HOH 


-».R<X>01f HCI 
() 

-► R('OCH, . IK I 
O 

, — ► RCNH, rMI,Cl 

( O 

C.K.OH ( 

^ RCOC.Ilj lie I 

R may be an alkvl or try! group 


O 

RCCl 


CH/UI 


2MI, 


Acyl chlorides react rapidly with the above reagents. The reaction, however, 
with aliphatic acid chlorides tsmuch more vigorous than with thcadomotic 
acid chlorides. In the former the carbonyl carbon atom is a center of low 
electron density while in the latter this is not so because of resonance with 
the ring. 
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4- 


Bcn/oyl chloride, for instance, is so much less reactive that it can be jised 
as water suspension. 

2 Formation of Ketona An alkyl tingiiaid reagent reacts with 
anhydious cadmium chloride, CdCl^ to foim a dialkylcadmium compound, 
RjCd. This intermediate, on reaction with an acyl chloride, yields a ketone 

2RMgX+CdCI, R/ d , 2MgXCl 

O O 

2CH,CC'H R,Cd ► 2CH„CR , CdCl, 

Both .iliphatic and aromatic ketones can be prepared in this raaruier. 




'\ 


_C0C. + iCHjIJO 


20 2 ^ 



0 

CC-^ + CdC'j 


y>-Nitro*>en/o>i chloride 


/r-N itroacetoohenonc 


3. Rou nmuiiJ Rt'Juction, This reaction i cquircs hi v r ogen and Pd. which 
IS a catalyst, adsorbed on BaS 04 , and a catalytic pois^ like quinoline to 
slow down the reaction. The lesult is the formation of an aldehyde. 


O 

B I'd-BaSO, 

C.lfjCCl CgHjCHO HCl 

Sutfur>quino]iDe 


4. Frledel~Crc(f is Reaction: Preparation of aromai*.’ ketones bytheF.C. 
reaction of acyl chlorides is an important method. 


O O 

! Ain, 

► C,H,CC'K, 

O 

AlCL (! 

► C,h4CX2,H, 


C,H, f CH,CX:i 

o 
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5. Acid Hydroxides: Treatment with hydrazine yields acid bydrazides. 

O O 

I! |i 

RCC! ‘-2NH,NH, RCNHNH, i NH,NH,+ Cl- 

6. Acid AnhydrideT. The acid haltdc, on healing with the salt of the 
corresponding acid, yieldi* an anhydride. 

O 
I' 

A \ 

— ► O . NaCI 

/ 

CH,-C 
O 

19 3 USES OF ACYL CHLORIDES 

Acyl chlorides are emplo>ed as auctylating agents and as starting matcriaK 
in organic synthesis. 


Scctioa B: ACID ANHYDRIDES 

Acid anhydrides are formed bythe removal of a molecule of w.i!cr from two 
molecules of a carboxylic acid. Most acid anhydrides are symmetrical. 
Unsymmetrical, or mixed anhydridc> are also known but aic not much used 
Acid anhy dndes are also very reactive like the acid chlorides and have pene- 
trating odor. They are useful for synthetic purposes because of their less 
corrosive action and greater stability The names of the acid anhydrides arc 
obtained by adding the word anhydride to the name of the corresponding 



Acetic aabyditie Benzoic anhydride Phthalic anhydride 


CH^OCl 

♦ 

CHaCOO- Na+ 
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0 

Maleic anhydride 

carboxylic add. Acidanhydridcs of aliphatic carboxylic acid» are generally 
liquids whereas those of aromatic acids arc solids. They also react with 
alcohol and ammonia 

Table 19.2 Physical Coastants of Anhydrides 


CH,— C 

\ 

O 

/ 

II 

o 

Propionic acetic anhydride 
(a mixed anhydride) 


Compound 

Formula 

m.p. 

M>. CL) 

AtelK anhvdndc 

(CH,(<)),0 


140 

frffluuri>a<.ctic anh>dr]dc 

(Cl-, (•()),<) 


40 

Piopionit. aMh>drtdc 

(Ci ,cH,a)>,o 



SuvCinic anh>dnde 

t> 

/ 

tit,— c 

\ 

o 

120 

261 


1 / 

nu—i 

\ 

o 


Phthalic anhydride 


Benzoic anhydride 


0 

11 



0 

(CgH,C0),0 


t3i 284 


42 360 
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19.4 PREPARATION OF ACID ANHYDRIDES 

1. Acetic anhydiide is obtained by reacting sodium acetate with acetyl 
chloride: 

O 

\ 

CHsCOO-Na+ — ^ O+NaCl 

+ / 

CHjCOCi CHj-C 

\ 

o 

Acetic anhydride is also obtained by the reaction of a ketenc> obtained 
from pyrolysis* of acetone, with acetic acid 

O 

700 750* 

ck,cx:h, ► cii,^c=o+CHi f 

Ac«.lone Kctcnc 


f) 

/ 

C'H, t 

ctf, 0 ‘Cn,cooH — ^ 

\ 

o 

\cciic arih>Uridc 

2. Cyclic anhydrides) such as maleic and phthvihc anhydrides are prepa- 
red by heating the corresponding ditarbovylic acids 


CIICOOH 150* 

‘ 

CHCOOH - HjO 


O 


CH- C 


/ 


ca-c 


CH^cooa ^00* 
iir,tooH -H,o 


CH,~C 


\ 
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19.5 REACTIONS OF AQD ANHYDRIDES 

Acetic anhydride seems to be the only acid anhydride of general importance. 
It is the source of acetyl groups in the manufacture of rayon and aspirin. 

1. Acid anhydrides contain carbonyl gioups and thus undergo nucleo- 
philic attack by various electron donors to jield the coi responding products. 

► 2CH,tOOH 

CHjOir 

► <'H,COOCHh+CH,COOH 

o 

NHt .1 

». CH^CNH, ClljCOO-NH/ 

O 

<',11, OH It 

► C.HtK'CHsrCHX'OOH 

2. Ketones are obtained by the Fnedel-Crafts acylation of aromatic 
hydrocarbons. Acetophenone is formed from acetic anbvdndc and benzene 




Mediyl 24td«iyl ketone 
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^ CH,.C 

0‘I " 

CH,-C 
I 






a 


0 0 
»l ^ »• 

CCH^CHjCOH 


Sfechimism 

0 





. 

C A, ..3 


\ 


0 


/ Cdtdiyiic 
C amou.U 

''0- A(C(1 


^Benro> Ipropionic acid 


O 

C A1CI3 

\ 

0 AtCl3 
^ AIC 13 



Succififc anhydride 


p«0, 

>>—^10) 


icn 




^ -‘WCO 


o -.AlClj iSS* 


Nuco 





p-Bcn 7 o>|prop)onic at id 


3 . Acid anhydrides tcact with hydroxylamine to yield hydroxtimic acid 

O O 

i< i 

RCCl+H.NOH ► RCNHOH+HG 

4, Phthahe anhydride condenses with two motes of phenol in the presence 
of cone. HtSOfioform phenotphthalein. 
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Pbcnolphthalein 


5. Cyclic acid anhydrides react with ammonia to form amides, which 
on heating lose a molecule of water with the resultant formation of cyclic 
imides. 


0 

It 



II 

0 


PHhoUc 





1.0NH2 


"CLO 

AfV'm ^ CTC 



CONH^ 


COOH 
Pl-^^OiCfTtC OCl<3 



9 
C 

\ 

NM 

/ 

c 

0 ‘ 



6. Succinic anhydride with ammonia forms succinamic acid. 


O 


CH, -C 


\ NH, 

O -*• 




Succinic anhydride 


CH,CONHs 

((hjCOOH 


Sttccinamtc acid 
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19 6 USES OF AOD VNHYDRIDES 

Acctic anhydride is used as an acetv luting agent, as a medium in the esti- 
mation (ijir alcohols, phenols and m medicines 


Section C: AMIDES 


o 

u 

Substances having the structures R- C NIfj, ic in which the hydtosjl 
group IS replacvd by an ammo group ate called amides Piotcins aic pol>- 
mers which contain the amide linkage in the po!>mc‘r skeleton 

o o o 

' I tl I >' 

~C NTI-C C NH- C C~\U 

I 


They dense their trivial names b\ rcplating the cuflix -k »if the pir>.' t aciil 
b> -amide whereas in the IL’PAC ss'tem the\ ar nimeJ 


0 

1 

CH,CMr, 


tccfiirMii* 

fE!hini'’iidc) 


a o 


lis r/anJiJt. 



3 


Vf-Mcihvleeii/ vn ide 


() 


n-CKHsiCNH, 



O II 

/ 

CH,C1I,CH,CN 

Vh, 


blearainide Cyciobulane cArboxyamidc N-Mcthylbuiana|nide 


Lysergic acid, N, N-dicthylamide (LSO) which contains an amkle function 
is a potent hallucinogen 

Amides arc crystaliuie solids, often soluble in water Carboxylic acidv 
am generally identiOcd by making their amide derivatives. 



Functional Derivatives of Carboxylic Acids 497 


Table 19,3 Physical Constaots of AmUcs 


('ompouod 

Formula bp i®<') 

*ih.p. (*< ) 

Foitnamidc 

HCONH, 


Acetamide 

ClIjt'ONlIj 

82 

Propionamide 


79 

Benzamide 

C,!r,CX)NH, 

128 

Salicylamide 

HOC^H^CONfH^ 

n9 

PlienylaccUniide 

r,H,<'H,CONIl, 

154 


0 O 

1 


OxsUiudc 

NlljC’— CNIIj 

4I« 

Succinapude 

O O 

i| 

24: 

Acciauilitlc 

CH/XlNHCgHr. 

114 

Bcn/anilidc 

( ,H,Cr>N'HC,|{j 

M 


19.7 PREPARATION OF AM1DF.S 

Amides are prepared mostly from carboxylic acids and their derivatives 
1. Amides can be piepared by the direct atlion of ammonia on acet>l 
chloride or anhydride. 


O O 

!l 

CH,CC1 f 2NH, ► ClfaCNH, ^NH/Cl- 


O 


R-C 


\ 


O + 2NH, 


O 

II 

RCNH,+RCOO- NH/ 
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2. Ammonium saitt of carboxylic acids on heating yield amides. 


O 

» A 

RCOOH+2NH, ► RCOO-NH 4 + ». RCNH,-f-H,0 


3. Both alkyl— and aiyl — nitriles, on p.titwl h>diolysis in an acidic 
medium, form amides. 


RC*N 


IHp 

► RC NH 

t 

OH 


Tautomen- () 
zation 

► RC-NHj 


19.8 ACIDITY OF VMIDES 

Although amidc;^ are considered to be ncdkly acidic (tor instant c, Ko for 
acatamide is •>- 10“”), they react with alkali metals to ^>im aalts 1 he icason 
for the acidity is that the resulting anion can be stabili/td by itsimante as 
shown below 


O O ()- 

Na I 

RCNH, ► RCNH < - ^ RC NM 

19.9 REACTIONS OF AMIDES 

1 Amides may he hydroly/ed in the present t of eithir an oCid or bate 
leading to the formation of the parent acjci. 


O 

RCNH, 


O 

I ► RCOH , NH,' 


ptf;lf,0 

I RCOO- i NH, 


O 

P + 

2C,HiCNH, » H,SO, ^ 2H,0 ► 2C,H„COOH 1 2NH, • SO,* 


Mechmim 

For the acid hydrolysis of an amide the oxygen atom 1 $ protonated in 
contrast to the nitrogen atom because the former is more electronegative 
and also yields the most stable conjugate acid. 



Functional Derivatives of Carboxylic Acids 4<>9 


O 


OH 


OH 


/ II+/H,0 / / 

R_C ► R— C -« ^ R— C 

^ NIIR, ^NHR, NhRi 


4-RiNFfi 


OH OH 

I y 

► R-C-NHR, •; » R— C 

1 \ 

0+ OH 

/\ I 

H H i 

RCOOH+R,NH + 
(\^atcr 'toluble salt) 


The b.iiic hydrolysis follows the following sequence: 




/ 

R ( -I- OH 

\ 

NHR, 


O- 

I 

R—C NHR, 

- j 

OH 


O 

/ 

R-C , R,NH- 
^'OH 


RCOO- I RiNH;, 


Tvolution of ammoni.i gas <m heating an amide in th(- presence of a base 
IS used as a tist foi its identification. 

2. Lsters arc obtained on reacting amides with alcohols in the presence 
of a miner al acid. 


O O 

II HCI It 

C.HjCNH, I CHjOII *• QH.COCHa NH,* Ch 

75® 

Jlcnr^iniidc Methyl benzoate 

3. Amides lose a molecule of water in the presence of an efficient dch)*' 
drating agent such as phosphorus pentoxidc to form a nitrile. 

O 

II 1* jHj 

RCNK, RCN+H,0 
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4. Hofmann Reactiom A primary amide on treatment with bromine 
in the presence of an aqueous base forms an amine. The reaction is refer> 
red to a Hofmann Reaction, 

O 

II 

C,HgCH,CNH, * Br, | 4NaOH 
Fbenylacetamitle 


♦ CjHbCH.NH, , 2NaBr+Na,C0,+2H,0 
Benzylamine 


Mechanism 

The first two steps arc the base-catal>zcd brommation of the amide The 
N — bromamide is more acidic than the starting amide and forms the cor- 
responding anion. This loses Br~ to form a nitrene. Then a shift of the 

O O 

Base 

RCNH, — * RCNH- + H,0 
O O 

RCNH- lir, » RCNHBr+Br- 

0 O 

1 II - 

RCNHBr+OH- * RCNBr }-If,0 

O ' O 

II , 

RCN~ Bf ► RCN Br- 

R N: 

N/V* 

C »-RN*-C-0 

O 

RN C»0+H,0 > RNHCOOH ► RNH, 

-CO, 

alk;^ takes group place to yield an isocyanate This is hydrolyezd to carba- 
mic acid which is easily dccarboxylatcd to an amine. 

19.10 URISA 

Urea is the diamide of carbonic acid (H,COa) it is excreted in urine as the 
end-product of protein metabolism An average adult excretes abont 30 g 
«f urea daily. It is an important agricultural fertilizer, also. 
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Preparation 

!• Synthesis of urea is of historical iniportiincc and was first obtained by 
Wohler in 1828 by beating ammonium cyanate which gave a blow to the 
vital force theory. The ammonium cyanate, in this case, isomerizes to urea. 

O 

A 1 ! 

NH4CNO NH,CNHj 

2. On a commercial scale uiea is prepared by heating a mixture of 
ammonia and carbon dioxide under pressure. 

on 

A, Pressure / NH, 

O C-O - IINH. ; ■ -* 0=C 

Carbamic acid 

NH, 

/ 

0=C f H,0 

'^NIl, 

3. A laboratory preparation of urea includes the reaction between 
phosgene (COClt) and ammonia. 

C! NH, 

O-C^ 2 NH, *• O - 2Ha 

\ \ 

Cl NH, 

4. Urea may be obtained from urine in a relatively pure state, first by 
precipitating the phosphates, sulfates, urato and hippurates by adding a 
solutbn of barium nitrate followed by barium hydroxide. The precipitates 
are removed by filtration and the filtrate is concentrated. Urea is extracted 
with alcohol and decolorized with activated charcoal and finally it is 
crystallized. 

Reactions 

I. Urea is weakly basic and forms salts with only strong acids. The 
fact that it is a stronger base than ordinary amides is due to the fact that 
the cation Is capable i f being stabilized by ccryugation. With nitric acid 
urea forms urea nitrate. 



O- NH 4 + 

O-C'^ 

\ 

NH, 

Amm. carbamate 



502 A Textbook of Organic Chemistry 


O otf OH 

<1 ii i 

H»NCNHs+H+ ». HjNCNHs < ►Hj+N=CNH, 

o- 

•« *- H,NC’- NH,+ 

O O 

!l II 

HjNCNH, r HNO^ > lIjNCNH. HNO, 

l^rca nitrate 

2. On heating urea cvolvci. ammoitm and biuri.t is left as residue. 

o o o 

Ii IW® 

2H,NCN 1 1, ► N H,C.N HCN Nila 

Biuret melts at 190®. An alicatiirc solution of biuret gives a violet pii.k color 
with copper sulfate solution 

3. Urea is hydroK/cJ botli bv acids and bases 


O 

:\H^+ , CO 

NH.CNlla 

:OH- 

^ 2NH, , CO,- 

4. I'rea icacts with hydra/mc to f»'rm ivinicarb i/iiU, a crvst.illine 
compound 

O (> 

NH,CNH, HjN.NH, > NH^C MINHi i NH, 

Urea Scrnicarba/idc 

5. Urea on reaction with dicthsl malonate forms a barbiturate Bur* 
bituiates arc valuable ni.dicinal agents which depros the central nervous 
system and are used a- sedatives 
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6. With cold dil. nitrous acid urea yields nitrogen and carbon dioxide, 
like other amides on reaction with urea. 

K,NCONH*-|-2HNO, ► 311.0 i ?.N, ! CO, 

7. Alkaline solution of hypobromitc also hlxtates nitrogen and carbon 
dioxide. 

NH.CONH,-! 3NaOBr ► 3NaBi +211,0 CO, 4 N, 

USES OF UREA 

Urea is used as a fertiliser, in the prcparalion of barbiturates, and in the 
formation of urea-formaldehyde resin 


Section D: ESTERS 

Filers probably con^litulc the most \ opoitant clas^^ of caiboxylic acidden- 
vati\s> 'ii\y occur widely in nature and arL aspoiiMblc for the fragrance 
of lUviny fruits and flowers, ftir example * 

f th\l form ifc - Artificial lurn flavoi 
//•Amyl acktate - Pears 
r>f/-AmvI acMatc - Banvinais 
ri-‘\myl butvMte - Apricots 
Octyl acetate - Oranges 

The odot of newly mown hay v^r sweet clover is due to coumarin 

P 

^ , a cvciic ester (lactonoof c/rr/.o-hydroxycinnaiuicacid). 

Several t)thcr l>pcs of .irtificial flavors such as stiaw'bcrry* apples, cherry, 
raspberry, etc, arc made chiefly from mixtures ol estcis. Another interesting 
example of naturally occurring ester is that of juvabione^ it is an insecticide 
and is spcciiic for ce/tain types of insects. 




Juvabione 
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Esters are formed by replacement of the hydroxy group of the acids by 
an alkoxy gioup, i.c.. from a reaction between an acid and alcohol. 

O 

l‘ 

CH,CH,C—OCH, 

Acid portion Alcohol portion 

Esters may be named both in the trivial as well as lUPAC system of 
nomenclatures. In the trivial nomenclature the esters arc named in the same 
manner as acid salts except that the alkyl part of the alcohol is used in 
place of the metal, as illustrated below: 


O 

C4HsCO-Na* 
Sod Acetate 

QlUCOO-Na- 
Sod ben/oatc 


O 

1} 

C»»COC'H» 
Methyl acetate 

O 

C’,H.C0C,H5 

I th>l ben/oate 


In the lUPAC s)stem the acid chain is used as the stem m naming the 
ester. The suffix — aie is used in place i’f —ic of the acid. It is necessary to 
number the substituent on the chain. The fnst part of the name is derived 
from the alkyl group of the cora-sponding alcohol 


O 

I' 

CKjCOCH, 
Mctb>l cthanoatc 


O 

CH,ClI,CCX:HiCH, 

1 th>l propanoote 


() 

11 

CH,CHajjCOCH, 

CH, 

Methyl 3 — methyl i>...a]ioale 


Cyclohcxyl ethanoate 


O 

il 


CHiCHyCHjOCCH, 


Propyl elbonoote 


O 

CII,'=CHCHaaf,COCHOH,CH,CH, 

I 

CH, 

J~Mciiiyl butyl— 4 — penteoiMte 
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o o 

II II 

CHjOCCHCOCH, 



Methyl methyl 
pTopanedioate 


The alkyl derivatives of the non-existent ortho forms of carboxylic acids 


Olf 

with the general formula (R — C — OH) are called ortho acids, the corres- 

^OH 

OCKa 

/ 

ponding ester, for instance, H — C — OClla is called ortho — formic ester. 

^OCH, 


Ortho — phosphoric aetds 


HO- 


O 

-I 

u 


-OJl 


are fairly stable in most cases 


but the ortho foims of organic acids lose water so readily that they are known 
only in the form of their esters or other dcrivaiivcs. Esters are mostly liquids 
and possess a pic.isant smell. Their boiling points are lower than the car- 
boxylic .icids of comparable molecular weights. 


Table 14.4 Physical Conilaiits of Esters 


Compound 

Formula 

b.p (’Q 

Iithyl fomiaic 

iICOC>C,H. 

54 

Methyl acetatL 

CH,COOCH, 

58 

hihyl acetate 

CH,COOCjHs 

77 

M-Propyl acetate 

CH.COOC.H, 

102 

Ethyl propionate 

CjlljCOOCjHi 

9^ 

Ethyl benzoate 

C,HjaX)C,H, 

213 

Benzyl acetate 

CH,COOCH,C;,Hj 

214 


19.11 PREPARATION OF ESTERS 

The following genera) meUiods may be used to prepare esters. 
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1 . Esterification of Carboxytic Acids: A direct reaction between a car- 
boxylic acid and alcohol under the catalytic cflfect of sulfuric acid yields an 
ester. This is a reversible reaction and js known a.sthe Fischer esterification. 


O 

H+,A II 

ClfsCOOH • CK.Olf CII.COC U, } 11,0 



balicylic aeid Methyl suite) late 

The disadvantage of this method IS th.it the c<)uilibnum is re.iched slowly 
and yield of the ester is low 

Mechanism 

A preliminary proton.ition of thciAygin of the carbonyl t.*ki s plate follow- 
cd by the nueleophilic attatk of an alcohol moletule to torm a tetrahedral 
intermediate. Then a pioton transfer and los, of a waUi raolttule foiiiisan 
intermediate which Iomjs a proton and yields the estci. 

O +01I OH 

fl . • CIV)U I 

R-COH-hlH < 7 R C—OH * 7 R-('— OH ^ 

O* 

/ \ 

il,C H 

OH OH O 

I I 

R- COCH, <- ; R~COCH, R -COCH, p H+ 

I 

♦OH, 

A secondary alcohol m.y be used similarly, a tertiary alcohol ' dehydrate- 
readily m the presence of a mineral acid whereas phenols react very slowly. 
To prepare an ester irom a tertiary alcohol or a phenol, the atid chloride 
is refluxed with alcohol along with an 01 game base, usually N, N*-dimethyl- 
aotlioe. Sterically hindered acids require more drastic conditions for csieri- 
fleation. Mesitoic acid is csterifled with CH,OH in the presence of cone. 
H,SO,. 
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Methyl niositoatc 


2. From Add Chlorides and Anhydrides: As stated above, esters of ter- 
tiary alcohols are prcpaicd by the use of an acid chloride and a tciiiary 
alcohol. 


() 

li 

CH,CHi,CX:i 


() 

Pyridine / 

H()C(CH,)a ► CH,C H,C 

tXfCFfs'i, 
r — Butyl propionate 


Acid anh/umi s on reaction with alcohols or phenols in the presence of 
acid form esters. 


(Cif,ca),o CHjOii 


o 

► CH3COCH, (’ll,C'OOH 


tCH3CO)20 




Acetic anhydride Salicylic acid Acetyl salicylate 


3. Reaction of a carboxylic acid with diazoincthane provides a good 
laboratory method for the prcp.iration of esters. 

O O 

I! i! 

C,H,COH , CH3N, C,H,COCH ,4 N, 

Propionic acid Diazo- Methyl propionate 

methane 


4. Another method to prepare csteis is the reaction between, the salt of 
a carboxylic acid with an alkyl halide. 


CH 3 COO No ♦ SrH^C 




.Sod acetate p—Kitrobeozyl bromide p — Nitrobenzyl acetate 
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5. Cyclic esters may be obtained by intramolecular esterification of 
hydroxy acids. 


0 

RChCHjCH^-C-O-No"*' 

OH 





R 

A Y — lactone 


19 12 REACTIONS OF ESTERS 

1 Hydrolysis' IfydrolysiN of an citcr to give a carboxylic acid and an 
alcohol i& also catalyzed by strong mineral acids. The reaction is just the 
reverse of the esterification reaction 


O 

a H+ 

CH,CH,COCH, - H,0 ; "*> CH,CK,COOH , CH.OH 

Methyl propionate Propionic acui 

O 

If If 

C,H,CH,C0CH,4 H,0 7--' * C,H»Cll,COOH i CHjOH 

Methylphenyl acetate PhemUcetic aciO 


Mechanism 

The mechanism of hydrolysis requires protonation »»f the ester, addition of 
water, proton transfer and elimination of alcohol 




+OH 


OH* 


^OR 


OHH 


R|— C 


\ 


^Rj--G_OR 


OR 


►OH 


Ri-C 


\ 


OH 




/ \ 

H H 


^ ROH R,— C +H+ 

, 

OH 
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Tliis mechanism also illustrates the principle of microscopic reversibility. The 
hydrolysis may also be accomplished with an aqueous base and the process 
is known as saponification (Latin, sapon, soap). The mechanism involves the 
following sequence of reactions: 


o-- 


O 


R,-C I OH- 


\ 


OR 


7-7r rRi~-c-ocH,:p 

I 

OH 


/ 


R,--C i OCH,- 


\ 


OH 


O 


; - * R^-C +ROH 

'^o- 


The hydroxyl ion being a strong nucleophile adds to the carbonyl carbon to 
form a tetrahv'Jral intermediate. Then a methoxide ion is lost and a rapid 
acid — base reaction takes place to give a carboxylate ion. 

2. Aminviysis: Ammonia, like water, also cleaves the ester linkage to 
form an amide 



o 

COCH3 


-I- MNH^ 



¥ HOCH3 


CvclohcJOl carhoji) amide 


Amines react similarly to form substituted amides, for example, methyl 
m — toluateand dicthylamine form N,N — diethyl m — toluamide — an Insect 
ftpeliant. 

3. Reaction with Grignard Reagents: A Grignard reagent adds to the car- 
bonyl group of an ester as it does with an aldehyde or ketone. The adduct 
decomposes to a ketone. The ketone, however, cannot be icclated it being 
very reactive and so reacts further to form a tertiary alcohol. 

O OMgBr 

CH,COCH, i-CH,MgBr . CH,<!:CX:H, 

i:Ha 




CH, 


\ 




C«0 Mg(OH)Br ) CH,OH 
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4. Transesterifieation\ Treatment of axi ester with an alcohol different 
flrom that used in the preparation of the ester itself may cause an ester ex* 
change to take place. This process is known as transesterification. The reac- 
tion is catalyzed by mineral acids 


H+ 

c*ir,cooc(CUj),-i CH.OH ► c,n,('oocif, r (CH,)sCon 

r— Butjl benzoate Nfethyl benzoate 

5 . Reduction' Esters can be reduced by litliium aluminum hydride in a 
manner similar to carboxylic aciil The process results in the formation 
of two alcohols and is known as h)drogenoi}sis. 



Though L1AIH4 IS not sclcctixe In such reactions, another reagiiU vailed 
copper chromium oxide (CuCrO^) is used foi selective reduction of iho 
carbox>lic group. 



Methyl phthalate Dimethyl 1.2—- cytlohcsane 

dicarboxyiatc 

The selectivity of the reagent possibly arises from the strong absorption of 
the polar group on the surface of the *netal oxide as indicated below; 
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6. Fries Rearrangement: Aromatic esters under the action of aluminum 
chloride as catalyst give hydroxy ketones. 



i’hcnvi accUtc 


(>-~Hydro.\y- 

acetophenone 

trace 


p— Hydroxy- 
acetpphcnor.c 
95?o 


7, With hydrazine, esters form hydrazides. 


O O 

!’ '' 

RCOR . irjNNHj ► RCNHNir»T ROK 


19.13 USES OF F5TERS 

IFitcrs arc extensively used as artificial flavoring agents and as solvents for 
resins and as plasticizers. 


19.14 DETECTION OF ESTERS 

An ester function in an unknown sample may be identified bythehydroxa- 
mic ester test. In this test, a small quantity of the ester and hydroxylamine 
hydrochloride in ethanol is heated with sodium hydroxide solution. The 
mixture is acidified followed by the addition o. ! — 2 drops of FeCl, solution. 
Development of a red violet color indicates the pre.sence of an ester. The 
chemical reaction involved is the following; 
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RCOOR'+HjNOH RCONHOII t-R'OH 


RCONHOH + FcClj 

H 

Ferric hydroxamate 

Acid chlorides, anhydrides and amides also respond to this test. 

A satisfactory identification, however, involves the hydrolysis of the ester 
and the preparation of derivatives of both the acid and the alcohol fragments. 
The hydrolysis is accomplished in the presence of an aqueous base, 

H,0, NaOH 

RCOOR' . VaOH RCOO NV R'OJl 

This procedure may be earned cut quantiratisciv and the tcsnJting saponi- 
fication equivalent is equal to the equiv<i]ent weight of the estei It is defined 
as the weight of the ester, in grams, which reacts with one gram equivalent 
of a strong base. For this purpose, a known weight of the ester is hvdrolyzcd 
in the presence of an excess base of known strength and the unieacted base 
is titrated against a standard acid using phcnolphthalcm indicator. The 
saponification equivalent is then calculated as follow:,: 

Saponification equivalent -;r.' — aTT" 

For an ester of a monobasic acid, the value is equal to the molecular weight 
and for a dibasic acid ester it is one half the molecular weight of the ester. 



Section E: ESTERS OF SPECIAL INTEREST 


Two esters, namely acetoacetic ester CH,(X::H,COOC,Hj ant^malonic ester 
CH,(COOCvH0j have found considerable utility in organic synthesis. These 
can be prepared in good yields from commcrc ially available staitiog materials. 

19,15 ACETOACETIC ESTER 

Acetoacetic ester or ethyl acetoacetate is obtained by the self-condensation 
of ethyl acetate in the presence of excess sodium ethoxide. The process is 
known as C/a/ren encr condnuation. 
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O O 

II !l 

2CKaCC)C,ir, ^Na+OCJIs- >• CKaCCHjCOOCJf- , C,H,Oir 

Mechanism 


O O 

CH,rOC*H, ! OCjH, <—-7 CH,CO(\H* fC*HoOH 

0 •? 

CH3-C-OC2M5 + ■CH2COC2H5 CHj-C- CH^-C-0C2H5 

002^5 

0\ 0 

>'</ » 

CH3-C-CH2COOC2M5 Ch^ CCH2 COOCjHft OC2H5 

(oc^i 

The mechaniMTi is similar to the aldol condensation. Ethoxidc iun being a 
sti<*ng base abstracts a proton from the sstcr molecule to form a icsonance 
stabiliA'd cnolate anion. This ion makes a nucleophilic attack subscquetitls 
on the carbonyl carbon atom of a second mole^cule of the ester Then a sub- 
sequent ejection <'f the ethoxidc ion leads to the product Acetoacctic 
ester is converted to its cnolate ion in the presence of excess base. The 
ester is obtained by acidilic.ition. 

If this reaction is earned out with a mixture of two different esters 
bearing «— hydrogen then as expected a mixture of four products is ob- 
tained as in the aldol condensation The reaction is thus rendered useless 
for synthetic purposes under these conditions. However, the product of 
self-condensation of only one ester finds large synthetic applications in 
organic chemistry for conversion into higher aldehydes, ketones and car- 
boxylic acids. This is detailed on page 509, 

Acetoacetic ester displays the ph'^nomcnon of keto- mol lautotmrimt. 
One form is characterized by the picss'ncc of a keto group while the other 
one is characterized by the presence of an cnol. 

O OH 

II i 

CF/XH,COOC,H» tZIz;CH,C -CHCOOC,n, 

Kelo~forni I nol — form (T/,) 
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Such compounds normally do not exist as keto compounds or enol com* 
pounds under ordinary conditions, rather a mixture of the two. Qualitatively 
it has been observed that the keto form condenses with 2, 4— dinitrophenylhy- 
drazioe and the cnol-form gives a color test with FeC'Is The enol-form is. 
however, less important because of its instability, but it is involved in many 
reactions of aldehydes and ketones. The constitutional isomers arc called 
tautomers and this phenomenon is given the name /r/u/omcr/r/n. Acetoacetic 
ester is an example of kcto—enol tautomcrism. The tautomers arc different 
compounds unlike resonance structures which are diiferent attempts to show 
the bonding in a single compound. 

In many cases it may not bo p^issible to isolate the two tautomers because 
one being more stable than the other. Their existence, nevertheless has been 
indicated by chemical tests, refractive index and spectral analysis. Quantita- 
tively each form of the tautomeric equilibrium can be measured by a chemi- 
cal method. This necessitates the reaction of bromine to a known amount 
of the ester in ethanol. The enol— form reacts at a faster rate than the keto- 
fonm. Then ? — naphthol is added to remove excess bromine followed by 
potassium iodide solution and hydrochloric acid and the liberated iodine is 
titrated with a standard sodium thiosulfate solution. 

Gr ^ CHBrCCM, CH,C CmS/COOC^H 

I ^ -H* •’ ‘ 

COOC^Hj 


6t ~ dr C.H r r- CH, 

I ■* 

COOC^^ 


o o 

' l! 

CHjCCHUiCOOCyi, t H- 21- CH,rCn,COOCJli | Br--f I, 

I, - 25,0,- 21-4 S*©,- 

The cnolizadon is subject to both acid and base cataly sts. The keto— -form 
is favored in basic solution. 

Nitroalkanes similarly exhibit tautomerism. The tautomeric forms of the 
nitro compound is known as the aci — form. The nitro form is the more stable. 








O' 



Nilro—form 


Aci — form 


swramc USES op acktoacetic ester 

Acetoacetic ester contains an active methylene group. The hydrogen atoms 
attached to a saturated carbon atom which has one or more electron 
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attracting group such as^C O, —NO^. - f'OOC.Hj, — CN, etc , Jinked 
to it arc acidic and can be abstracted by a base to form a tarbanion 
O O 

|| Na-* H . 

CH,CCHiCtfCOOC,llB )- afsC'CliCOOC .H 5 

o- 

► Cliat^rHCOOC.U, 

The acidic group, ic — Cff. is called an acthv melhyh'ne group &n\\ d\\ 
such compounds containing this group are called active methylene com- 
pounds This piopcrty of acctoacefic ester and its condensation with other 
reagents loads to important products 


1 . Synthesi y of Ketone s 

a. A,,-tonc is obtained by the direct hydrolv^is of the ester and sub- 
sequent decarboxylation of the resultant acid 

t) O O 

!| (I) OH- H.O ' A 

CH,CCH,CYXX7,H. 1 -► CHbCCH COOH 1 - CH,C'C'H, 

Ml) H+ CO. 


b Preparathm of substituted ketones from acetoaccticc^tcr constitutes a 
valuable method for their prcpai.ition. The cstei is treated with sod ethoxide 
to pise the sod derivatisc which is then leactcd wiOi m alk\l h.didc leading 
to the formation of an alkyl densative ofthecsti- Subsequent alk. line 
hydrolysis and dccarbowl.ition of the acid yields the ketone. 


O C) 

■< (jH^O-Na*- .. C,n,Bt 

ciijCCH,co(X’,Hs »- cH,ai{<.'ax',Fr» - 

O () 


i! O' on lU) (I 

ClfjCCHCOCX’jHa ^ ClIjCLKCtXHl 

1 1 ") 1 
C,H, C,H, 


O 

A H 

► 

-CO, 

Mtihyl propji ketone 

If desired, both the hydrogen atoms ofthc methylene group can be replaced 
by alkyl groups and then subsequent treatment .is ab»ne yields a distri- 
buted ketone. 
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ch|ch.c»oc.h. w£hco^.«- 

CH, 


(in. 


in. 


(II) H+ 


O CH, 
XX 

in. 


o CH, 

^ / 

CHjCCH 

\h. 

Methyl tso propyl k«toni 




a. Direct hydrolysis 

O 1 HO jH 


OH 


CH,C- |-CH,— CO-1 O—CjH, 


OH-,H,0 


2CH,C(X)- }-C,H,OH 


H 


2CH/OOH 


b A higher aerd may be oMameJ ,n Ih. n.."rr dl.e»r«d .b..>c, 
liobutync acid may be obtained as folUwi. 

(OKi^OCjH,” a-.li Jf'lirfKK' H* 

ch^x;h.co<k:.h. ch.cci<c<kx .h. 

fii) C 

O ; CH, H 

(.)Na^(X,H ,- aX>- 




HO 


! H^H, 


HO 

C.H, 


(I) OK-/H,0 
— *- 

<U) H* 


CH, 

\hCOOH i C,H,OH+CH,COOH 

/ 

CH, 

Ito Butyric scid 
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3. Synthesis of DicarboxyUc Acids: The ester is first converted into its 
sod. derivative and then reacted with a chloro carboxylic acid. The transient 
intermediate is hydrolyzed in the presence of a mineral acid. 

H OH 

O O COO CiHs 

If (1) Na+OC,Hj- i| / 

CH,CCH,COOC,Hs ► CH,C CH 

(ij) CICILCOOH \ 

HO H OH»COOH 

II+,H,0 CH,COOH 

CH,COOH+ I +C,H50H 

Cir,.COOH 

Succinic acid 

4. Synthesis of Keto Acids: The sod. derivative of the ester is condensed 
with a halo acid and subsequently hydrolyzed and dccarboxylated to obtain 
a keto acii' 


O O COOCjHa 

(0 Na+OCtHg- / 

(’H,CCH,COOCVI, CHjCCH 

(ii) CICH.COOH \ 

CHiCOOH 

O 

H/) H+ !1 

*- CH,CCHiCH,COOH+C,H 40 H+CO, 

100 * 

y— Kelovalcric acid 

5, Synthesis o/a,^ — I'nsaturatcd Acids: The ester is condensed with 
acetaldehyde and the resultant product is hydrolyzed* 


O 

II Base 

CHjCHO-}- CH,CCH,COOCjH, »■ GHjCH-C-COOC^H, 

C-CH, 

/ 

O 


H+/H,0 

► CH,CH-CHOOOH+CH,COOH+C,H,OH 

Crotonic acid 


6. Synthesis efHeteroeylic Compounds: One mole of the ester condenses 
with one mole of urea to form 4~-methytttracil which Is used as a sedative. 
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Oa“C, 


/«2 


\ 


NHi 


C2H5O C*0 
-CH 

HO- C^Hj 


^ HN 
HjC 




W NH . 


C2M5OH HjO 


4 — Ml ihvi (It icil 

7 Synihisis of Antipsnne' The antipyretic drug, autipynnc or phena- 
zone, it> obtained by the folloi^ing sequence 


CH3CCH2COOQM5 ( H}CCM?C.fX)' -'H 

C5H5NHNM2 Nt.HQ,H*, N-M" 


CfcH. 


HjCC — CM 


"“C-O 


HN- 


•N 

I 

C6*^5 


Aq NaOH 


C H 3 f - (■ n ^ 

I c-0 
c HjN - hi' 


t— Meih* ‘ — i — ph«.ri>l Antip>Mne 

3— p>r»i/o'c'nc 

19 16 M\LONIC r.srKW ' 

I>icth>l rnulonatc or malonic cstci nu> be pri pared starting fioni acetic 
acid accoiuing to the loUowiog sequence of leactions 


cn,cooH 


<1 


p ( I / 

> CH, 

\ 

iOOH 


K.<0, / 

> (. 11^ 

\ 

c oo K.+ 


CN COOK (XXX'jHfr 

♦C< N / H* II 0 / CjII^OH U’ / 

CM, ►cir 

'" \ \ 

COO-K^ CCX)H OOOC,H» 


Chloroacetic acid ts converted into it« potassium salt and then reacted with 
KCN to yield a nitrile Acidic hydrolysis of the nitrile and slibsequcot 
estetiiication fives malonic esters 

This ester also contams an active incthyieae group and is a useful inter* 
mediate for several organic synthesis. 
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Synthetic Uses 

1. Synthesis of Subitituted Derivatives of Muionh Acids". The sod. 
niatomc ester is treated with an appropiiatc alkyl halide and subsequently 
hydrolyzed. 


aX)C,H5 

/ 

CH, 

^COOC.H, 


COOC.H, 

NaW.lls- 
»- Nd+CH 


\ 


axx\H. 


COOC,!f. 
tUsi / 

► CHjCH 

\ 

C()OC,Hs 


COOH 

H+yH.O / 

^ CH,CH 

^OOH 

Methyl malonic ucid 


2 tjttheshof Monocarbo\yhi. Aitd: A monocarboxylic acid may 
be obtained by the decarboxylation of the acid obtained above. 

COOK O 

2-h)* 

CH,Cn ► ( HjCM^COH 

\ <o* 

( OOK 

Methyl malontc acid l*ropionic acut 


3. Dialkyl Monoiarboxytic Acids: Both the hydrogen atoms of the 
active methylene group are replaced by alkyl groups and then hydrolyzed. 
iso — Butync acid, thus, can be prepared as follows; 

COOC’.H, COOC,H, 

/ (1) Nd^tK' Hj- /' (I) Na+OCiH,- 

CHj CH,CH 

\ (lUCH.Bi \ (lOCHjBr 

COOC,H, COOCjlU 


llsC COOCaH, 

\ / (!) 0H-.H,0 

C ► 

/ \ (ii) H+ 

H,C COOC,H, 


CH, COOK CK, 

\ / I40» \ 

C CHCOOH 

/ \ -O), / 

CH, COOH CH, 

iA>~Butyric acid 


4. Synthesis of Cyclic .icids : If a suitable dihaiide is employed, then 
the malonic ester can be added at the ends of the halide to form a cyclic 
ester. Subsequent hydrolysis yields a cyclic acid. 
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COOC.Hs COOCjH* 

/ Nd+OCtH.- / aCH,rH,<'l 

CHj Na+-dH ► 

\ \ 

COOCjH, COOC,H, 


CICHjCHjCH 


COOCtllj COOC.lIj 

:h ^ y\ 

\ COOC.H, 

COOC,H, 




(||>H+ 


COOH 


> \~C’0(>H 

— ( O / 


( >tk>rropauc 
carbowlic aciil 


5. S\ntheiis of x — Amino Audi : 1 he sodium derivative of the ester h 
condensed with an alkyl halide and a monocarboxyltc acid is obtained 
hrst on hydrolysis. It is then brominatcd at the x-position acctnding to the 
Hell-Volhard-Zclinsky method and then treated with ammonia tt* obtain 
an a-amino acid 


COCKVl, COOC.H, / 

/ NttHKX" / ttl, 

CH, Na^-CII 

\^OOCjn, \ooc,H, 

CH, COOC.Hs CH, COOH 

\ / (•)<’»! H,t) \ / 

CHCH CHCH 

/ \ »•) »♦ / \ 

CH, COOC.H, CH, COOH 


CIK H,COOlf 

-CO, / 

CH, 

CH, 

Ntf, \ 

CIK'HCOOH 

CH^^ in, 

Vatins 


Hr, V 


CH, 

\ 

CHCHCOOH 
CH,^ Bf 
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6. Formation of Diethylamino Malonate ; It is formed according to 
the following scheme : 


COOC,H» 

/ HONO 

CHa »■ 

\'OOC,H, 


-► HjNCH 


/ 

CH 

\ 


COOCjHg 


COOCjlIg 

/ M,/Ni 

ONCH 

'^COOCgHg COOCjHg 

Diethylamino malonate 


7. Synthesis of Dicarboxylic Acids: A dicarboxylic acid is obtained 
by condensing the sod. derivative of the ester with a halo acid with subse- 
quent hydrolysis of the intermediate. 

COOC’.Hb COOCgH, 

/ (1) Na+OCjHr / 

CH, *. HOOCCHjCil 


\ (II) UrCHjCOOlI 

cooc.n, 


\ 


COOC^H, 

CHgCOOH 


coon 

n)OHlV) / A 

^ HOOCCHjCH 

(li) \ -CO, CHjCOOH 

coon 

Succinic acid 

Adipn. acid is obtained by condensing two molecules of maionic ester 
with ethylene dibromidc and then hydrolysing the resultant product. 


OH,Br Na+ -Cl I(COOC,H ,)* 

I ' 

CH,Br Na+ -CH(COOC,Hs), 


CH,CH(COOC,Hj), 

<!:H,CH(COOC*Hg,), 

CHgCH,COOH 


ID on- Hat) CH*CH(COOH), A 
(li) 11+ (:H,CH(C00H), -:co, CHaCHgCOOH 

8. Synthesis of Unsaturaled Acids: The maionic ester is condensed 
with an aldehyde (aliphatic or aromatic) which is followed by the usual 
sequence of reactions to give an unsaturated acid. 


Nd+OCjH,- 

RCHOfCH,(COOCjHg), RCH=C(COOCsH5), 

(i) OH-/lI,o 

— +• RCH .CHCXX)H 

til) H+ 


R « CH,(Crotonlc acid); R - C,Hs(Cinnamic add) 
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9. Synthesis of Barbiturates: Barbiturates were first introduced by 
Fischer and von Mcringin 1903 They <iic prepared by the reaction of 
various substituted ethyl malonates wtth urea. Reaction of malonic ester 
with urea forms barbituric acid Barbiturates arc colorless crystalline solids 
that melt from 96 —205“ and arc not very soluble in water, but thcii sinlium 
salts arc soluble. To obtain barbiturates with a hypnotic action, both 
hydrogens at position-S must be replaced by alkyl or aryl groups. The 
structures and trade names of some common barbiturates aie given below. 


Rj R, Barbiturate aam«. Trade name 


CHjCH,- CH,CHj 
CHjCHi- (CH»),CHCH,CH, 
CH,CH,- 

CH,CHi - CH,CH .CHgCI 1 - 

CH, 


These fisc drugs have a broad spectrum of ph>siol.'gn,al activity 
Veronal, for instance, has « long peiiod, has an inteimcdiaie 

period and \econal a short period of action 


Barbital i eronal 

Amobarbital im\tal 

Phenobarbital 1 umlna! 

Secobarbital Snona! 


R, COOC2H5 

yc + 

Rj '^C00C2”5 



UnfortunaU'ly, abuse of b,irbituratcs has made them unpopular and 

dangerous to man>. u u k 

If thiourea is used in place of utcu iii the condensation, then thio-oar- 

biturates arc obtained. 

Ethyl cyanoacetatc is another important ester which contains an active 
methylene group It can be obtained by estcnfymg bromoacetic acid and 
subsequent treatment with potassium cyanide 


I, PBr, C,liOH,»+ 

CHjCOH+Br, — — ► BiCiI,C()OH BrCH,CO()CaH, 

KCN 


NCGHjCOOCaH.-f KBi 
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Because of the presence of active methylene group ethyl cyanoacetate 
also functions as an intermediate in the synthesis of organic compounds. It 
can be monoalkylated or dialkylatcd in a manner similar to malonic ester. 
In a number of cases ethyl cyanoacetate may be employed in place of malonic 
ester for the preparation of organic compounds. 

10. Condensation with Ketones: With ketones, ethyl cyanoacetate forms 
unsaturated esters which can be further treated to form a, unsaturated 
carbo.xylic acids. 

CN 

Base / 

(CII,)>C -O+CHjCOOCjHg ► (CHa)j,C=C 

I \ 

CN rooCjHs 

IsopTopylidenc cyanoacetic ester 

COOH 

HO If- / A 

► CCH,),C-CHCOOH 

\ -(-'o, 

COOH 

.i— MEethyl— 2— bulenoic acid 

Fthyl cyanoacetate, on treatment with ethanol in the presence of an 
acid catalyst, forms malonic ester. 


(OOC.H, 

NC('H„aX)C,Hg , C.HjOH ► CH. 


^19.17 OILS. F.VTS AND WAXES 

The most important of the natural esters are the animal and vegetable oils 
and fats. These arc esters of glycerol (I, 2, 3-piopanetriol) with long 
chain fatty acids. The ester from stearic acid and glycerol has the following 
structure. 


O 

I! 

ch,(x:c„H3s 

o 

CHOCC„H„ 

O 

CHsOCC„H,6 

Glycerol tri&terarate (or 1 listearm) 
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All fats and vegetable oils have one chemical property in common, i.c., 
when they are heated with sodium hydroxide (.olution, they produce a mix. 
ture containii^ glycerol and sodium salts of fatty acids. 

NaOH. A 

Fat or oil — - > ' Glycerol r mixture of fatty acid salts 

Glycerol, being a trihydroxy alcohol, forms a triestcr with fatty acids. 
These tricsters of glycerol are known as glycerides. 

Oils and fats, besides proteins and carbohydrates, constitute one of the 
main sources of daily food. Closely related to oils and fats are the waxes 
and soaps. Together they all belong to the lipid class. The term lipid 
(Greek, Lipos, fat) is used to describe substances that are of natural origin, 
insoluble in water but soluble in organic solvents. Indeed oils, fats and 
waxes are examples of lipids. 

Oils and fats are differentiated on the basis of their physical states. Fats 
are solid esters while oils are liquid ester> of glycerol. This beliavior 
depends on the aliphatic chain attached to the carboxyl function. If the 
chain is saturated, then the glycerol ester is gcnef,illy solid but liquid if it 
contains unsaturation. Double bonds in the alkyl chain tend to lower the 
melting point. The most common saturated acids obtained Irom the hydro- 
lysis of fats arc listed below: 

Decanoic acid; (C^) : CHs(CH,),COOH (m.p. 32 “) 

Laurie acid; (C,.) ; CH,(CH (m.p 44') 

Myristic acid : (C,,) ; CH,(Ciy,8COOH (m.p. 58') 

Paimatic acid : (C„) ; CHj(CfT.)i 4 COOH (ra p. 63°) 

Stearic acid ; (C„) ;CH, (CHi),.C()OH (m.p. 70°) 

Oleic acid : (C„) : Cir 3 tCH.)-GH-CH(CHa),C<X)H (ra p. 13“) 

Linoleicacid: (C„): CH,CHxCH«CH- CH, ),(CH,) 4 aX)H (m.p. Il“) 

Some examples of oils are olive oil, linseed oil, peanut oil, soyabean oil, 
coconut oil, cotton seed oil, etc., and those of fats arc beef tullow, butter, 
etc. These arc used for cooking and frying purposes. 

Natural fats or oils usually consist of complex mixture of triesters of 
glycerol though some of them may contain simple and mixed- glycerides. 
Olive oil, for instance, consists of 83% oleic acid, 6% palmitic acid, 4% 
stearic aetd and 7% linolcic acid. Butter oil contains at legst fourteen 
different acids. Butter is a soft fat and owes its physical characteristics 
both to the presence of lower molecular weight glycerides and to unsatu* 
ration. A study of the composition of fats and oils from various sources 
reveals that palmitic acid is the most abundant of the fatty acid components 
while oleic acid is the most widely dirtributed. 
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19.18 WAXES 

Waxes differ from oils and fats in the sense that they are not esters of 
glycerol but are esters of long chain even numbered fatty acids with long 
chain cven-numbered monohydric alcohols. They contain only one ester 
linkage against three in oils and fats. Furthermore, waxes cannot be con- 
verted into water soluble products by boiling with alkali. Waxes are low 
melting solids and have a waxy touch. Some examples are beeswax (is 
mainly myricyl palmitate, CjjHaiCOOC'joH^j) it is the material from which 
bees build honey — comb cells ; carnuba u-ax (mj ricyl cerotatc, C^iHoCOOC^ 
Hf]). it occurs as the coating on Brazillian palm leaves; and spermaceti 
(is largely cetyl palmitate, CisHaiCOOCuHj,), it separates from the oil of 
sperm on cooling Waxes are used in making polishes, cosmetics, oint- 
ments and other pharmaceutical products 

19.19 VEGETABLE OILS 

These arc liquids and contain unsaturated acid^ Their principal use is as 
food. 

19.20 EbbENTIAL OILS 

These oils are so known because of their essence. Some examples are : 
lemon oil, clover oil, turpentine oil, etc. They occur in plants and are used 
in perfume sad in pharmaceutical products. 

19.21 MINERAL OILS 

These arc obtained from petroleum and consist of a mixture of saturated 
and unsaturated hydrocarbons These oils are insoluble in water and are 
non-edible. They are mainly used for burning purposes. 

19.22 RANCID OILS 

Poly unsaturated glyceiides are oxidized by atmospheric oxygen slowly to 
products such as keto and hydroxy — acids. Rancid oils are those in which 
the oxidation has taken place to some extent and their typical odor is due 
to the presence of the acid pioducts. 

19.23 HYDROGENATION Of OILS 

Typical vegetable oils such as cotton seed oil and peanut oil are used 
extensively for the preparation of fats and soaps. Since the oils are glycerides 
of unsaturated acids, their mcitir. points can be increased by catalytic 
hydrogenation of the C=C double bonds. Hydrogenation of oils, also 
known »s hardening, is carried out industrially on a large scale. 

The need for the hydrogenation of oils arises because the vegetable oils 
possess colors and odor and they become viscous and black on keeping. 
Furthermore food cooked in oils emits odor after it is left for a few days. 
These drawback> are not found in the hardened oils. In the process of 
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hardening, free acid from the edible oils is removed by neutralization with 
dll sodium hydroxide solution. The resultant oil is washed with water and 
bleached with animal charcoal followed by deodorization Hydrogen gas 
is passed at 200® in the piesence of Ni catalyst till a fat of desired consistency 
is obtained. The resultant fat is tinned and allowed to solidify at a low tem- 
perature. Triolein in this manner is converted to tristcarin 


O 

fi 


CHaOC(CH^,CH - CHtCH8)^H, CH,0C(C1U„C 11, 


() 

U 


o 

■<11 Ni I II 


( K I’m I '1 

CHOC(CH,):C'H C H(rn,),CH, >. C HtKXCH-l^C H, 

' :oa’< 

O I o 


CH,OC(CH,),Cir - CH(CH,),CH, CH,(K'(CH,y ’M , 

nt p -W’C It p ■’iH 


These fats arc marketed under different brand n imes .uch as P f£./) f, 
jR irif, CRISC(K vtc , and arc U'Cd in the prcpaiatton of food priHlucts 
The non-edible oiK, after hydrogenation aiv employed for making soaps 
and cosmetice. 


1^.24 HYDROGLNOL\SlS OF FATS 

If the hydrogenation of oil or fats earned out to a stste besond the 
formation of a saturated fat, A j’rfrogcnr»/>rjr of the ester linkage may t.ike 
place with the resultant formation of a long ch iin satuiated alcohol and 
glycerol This is illustrated below; 


O 

4 

CHjfK (CH,),*CH, 

* O CM, OH 

Pressure j 

CH0C(CHA4CH» oh , 3(’K,(CHa)^4rM»OH 

< u chromium | 

O oxitic CHjOH C'ciyl alcdbol 

CH,OC<CH,)„CH, 


Etch ester bond requires two moles of hydrogen. 

Hiese alcohols are employed in the manufacture of synthetic detergents. 
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19.25 ANALYSIS OF OILS AND FATS 

The length and the nature of the aliphatic side chain attached to the 
carboxyl function determines the properties of an oil or fat In order to 
control the composition and quality of oil> and fats for the pr^^paration of 
various products, the followiiiig three analytical methods arc employed. 

19.25.1 Saponification Number 

fFats and oils may be saponified quantitatively. The saponification number 
is defined as the number of railltgrams of potassium hydroxide required to 
hydrolyze one gram of a fat or oil. This value gives an average molecular 
weight of a fat or an indication of the length of the carbon chain of the fatty 
acid component. The higher the saponification number of a fat, the greater 
the percentage of short— chain and low molecular weight glycerides it contains. 
Thus coconut oil and butter with short chain fatty acids, have saponification 
numbers of 250 — 260 and 216 — 235 respectively. The saponification number 
of other oils such as olive oil, cottonseed oil, soyab an oil, linseed oil, etc., 
ranges from 185 to 200. 

The s .p^'nification number foi any pure glyceride is calculated by the 
following equation. 


(C„H,5r(K)l,C,H5- 3KOH ► 3C„HrtCOO-K+- C,H,{OH), 


tilyceiol tnstcaratc 
Mol at 890 


Pot. salt cf stearic acid 
3 X 168 


Saponification number - 


^8 

890 


1000 189 


19.25.2 Iodine Nomber 

It represents the number of grams of iodine which will combine with one 
^hundred grams of the oil or fat. It is a measure of the degree of unsatora- 
tion. The more the numbei ofvloubte bonds in the fat the greater will be 
the iodine number To determine tbi.s, a known weight of the sample is 
dissolved in CHCl, and then Wij's solution (Iodine chloride dissolved in 
acetic acid) is added Iodine adds to C C bond to form a diido derivative. 
After keeping for sonic time, KI solution is added and the unreacted iodine 
is titrated against standard potassium thiosulfate solution using starch 
indicator. The iodine number is calculated as follows: 


Iodine number — 


(K, F,, .A- 127 '100 
IKv 1000 


where F’l'avolume of thiosulfate solution for blank; Fj =• volume of thio- 
sulfate solution for the sample; A- normality of thiosulfate solution and 
IF^^wcight of the sample. 
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19.25.3 The Reichert-Mefosl (RM) Nnnber 

The RM number of a fat i$ the number of milliiitres (ml) of O.IN KOH 
solution required to neutralize the volatile and water soluble acids evolved 
by the hydrolysis of 5 g of the fat. This analysis permits one to distinguish 
between butter and butter substitutes made from vegetable oils. Butter, 
for instance, on hydrolysis yields C*. Cf, Cg atids which arc volatile in 
steam white practically no acids below Cin are obtained from vegetable 
oils. Butter, thcrefoie, has a high RM value (Sec Table 19.4). , 

Table 19 4 Aaalf (leal Data for Cooumb Oils aad Fats 


Oil or Fat 

Saponification 

Number 

Iodine 

Number 

RM Number 

Coconut oil 

25i.4 

6.2^10 

6 6 7.5 

Butter fat 

210 210 

26 28 

17-'14 5 

Com Oil 

(S7 191 

11! 12S 

1 ^ 

Cotton seed oil 

194 

10^ III 

0 

Peanut oil 

IR4-194 

88- 9^ 

0 i 

So>abean oil 

1«9 191 S 

122 lU 

1.2 1 5*; 


19.26 MANUFACTURE OF .SOAP 

The sodium salts of higher fatt> acids, le laurit, palmitic or stearic are 
known as joapr They serve as cleaning agents; so.ips of potassium salts art 
usual!) softer and mnic soluble in water Soaps have been known m th 
house and in the industry as the surface active agents and ate called surf(K%^ 
ants. For thecommereial preparation of soap, a fat is boiled with sodium 
h)droxide or *7)e*’ in an iron vessel until saponification is complete. 

O 

H 

ch/x:r ch,oh 

o 

t 

CH<x:R r 3NaOH > CHOIf * 

O 

II 

OljOCR CiV>H 

A fat Olycerol Soap 


O 

t 

3RrO-Na+ 
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The mixture is then saturated with NaCl. The salt, due to common-ion 
effect reduces the solubility of soap which precipitates out. The impui e soap 
contaminated with alkali, glycerol and salt is separated from the aquet)us 
solution. The crude soap is purified by boiling with water and repiccipitat- 
ing with NaCI. This process is repealed several times Soap may then be 
converted into medical soap by tJie addition of disinfectants and to toilet 
soap by the addition of perfume and color. Potassium salts are employed 
in the manufacture of liquid soap and shaving creams. Soap is marketed in 
the form of cakes and bars, chips and flakes; in grain and in solution. 

In order to show effective soap action, the fatly acid must contain at least 
12 carbon atoms. On the other hand, molecules containing more than 22 
cat bon atoms arc not useful because of their insolubility in water. 

19.27 S^WHETIC DETERGENTS 

Sodium soaps arc soluble in water hut form insoinbic salts when used in 
hard water and precipitate out as calcium, i.iagnusium or ferric salts 
because hard water contains these ions. 

2RCOO Na+ ^ Ca*-" (RC(>0-)*Ca-^ 3Nu^ 

water soluble water insoluble 

Sod carbox>latc Calcium carbovylatc 

This causes difBculty in cleaning and also much soap is wasted. Since 1948, 
there has been a great intercut in the manufactuie of synthetic soapknown 
as thtirift’ius. Oetergents also possess the same structuial featuies as soaps 
namely <in ionic group and a long chain non — polar otganicgioup Among 
the most important detergents arc the sodium salts of sulfonic acidN Long- 
chain alcohols arc converted into derivatives of sulfonic acid which aic then 
neutralised with sodium hydrtixide. 

ClUCH,),oCH,OH ! lIOSfXOH ► Cn./CHj),„OSO,OH-f H*0 

Lauryl alcohol I auiy 1 sulfate 

NaOlf 

► CH,(riT,\„Cir,()SO*0-Na* 

S"’ Iduiyl sulfate 

These sulfonates do not form insoluble suits with Ca. Mg, or t'c ions. This is 
a great advantage with detergents and they can be used in hard wateras well. 
Detergents arc cheap to make Th ” are, however, non — biodegradable 
and cause foaming in rivers and canals. 

19.28 CLEANING ACTION OF SOAP 

The mechanism of the cleaning action of soap is telatcd to its chemical 
structure. A soap molecule consists of two parts, mainly a polar, salt-like 
carboxylate futictK <i and a non — polar, long alkyl chain as shown below: 
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O 

II 

4 » -e- ► 

Noo— -polar Polar 

The polar part is hydrophilic (water soluble) wheteas the noti — polar portion 
is hydrophobic (water insoluble or oil soluble) A typical soap molecule, 
sod. stearate has both an ojI soluble and water soluble pr)rtion. A sodium 
salt of a smaller caiboxyhc acid is stduble m water but if this hydnicarbon 
residue is long then the hydrocarbon portion c.iuses the soap to become 
insoluble 

There are several theories to explain the clcanin.u action of soap. Soap 
greatly reduces the surface tension of water. Thus st>ap is able to enter 
into tiny cracks and cievices. Soap alsi» has the ability to emulsify lats and 
oils and thus greatly assists In theii rcmov.il. 

According to another theory the charged carbi'xyl gioup at (he end of 
the soap chain enables it to dissolve in watci W hen soap dissolves, it does 
so in the form of spherical clusters called mieelks (1 ig I*) I) The 
polar hydrocarbon chain mixes will with thi. g''ca''y sub^t.inces 


nc3 o 



I ig V) I \ sos'p niKcJIti 

When soap water coincs in contact with g'cs ■•c, the mm—polar chain 
dissolves grtesc which also n«»n -polar This leases the gtcescswiounded 
by an outer layer of gioups which are attiactcd towaids water The forces 
between water and grecse are much increased so thal the latter iS liUc 
off the surface of wutei in the foim of sm.iU globules arc cm be washed 

away The layer of negatively eh irfed group, cau-cs the globules to rcpt“ 

one another so that they do not co.igul ite and reileposit on the surface ol 
the cloth. , 


I9J9 NITRILES AND iso NITRILES 

Nitriles may also be considered as functional derivatives of carboxylic actus 
because they also yield acids on hydrolyxw- They ai c also lcn.>wi as cyanides 


or cyano compounds. 

NttrSoi arc named according to 


♦he carboxylic acid they yield on hydro- 
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lysis. The name is derived by replacing the suffix —oic <’f the acid by 
onitrile. In the lUPAC system they arc named as alkane nitiiles. 


CH,CN CHaCH,CN 



( N 


Acetonitrile Pnipionitnlc 

(Dhancnitrile) (I'ropancnitrilc) 


llcn/i '’'itnle 
(I’henjl ev.i*ii>le) 




CH^CN 


Cyclopropanonitrilc Phcnvl/icctoniriiL 

(Cjrclopropyl cyanide) »Reu/)l ojimte) 

The Hi) nitriles arc named either as the alkyl isoevanides or using the prcft\- 
iso before the name of the carbonitiile. In the lUPCsvsttni they arc named 
as alkyl carbylanuncs. 

CHsNC CHjCHjVC 

Mc'hjl is« cyanide tih>l isvxvjiiidc 

(Meihjl carhylaminc) () ihvl carbjlamine) 

Alkyl cyanides arc pleasant smelling while the isocyantdes have disagicable 
odor They arc soluble tn organic solv^»’ts. Aik>lc«.<>‘'des are Jess poisonous 
than hydrogen cyanide. 


Preparation 

Several methods are available for the p.eparation of both nitriles and 
isonitriles. 

1. Dehydration of Amiiicv, An efficient dehydrating agent such as P,Oj 
dehydrates an amide to a nitrile. This is a useful methou for preparing nitriles. 

CH, O C'Hs 

\ !! \ 

CHCNH, > CHC N H,0 

c.\(^ ch', 

/^o^UutyronitrHe 

2. An S«2 displacement of a halide ion from alkyl halide by the cyanide 
ion using ethanol as the medium affords a nitrile and constitutes a most 
convenient method t'or their preparation. 
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etbanol 

CH,Br I Na+CN- ► CH,CN 1 NaBr 

reflux 

C,H,CH,CI Na+CN- )► C,1 1.CH.CN I- NaCl 

3. Aryl cyanides are also obtained by the Sandmoycr reaction 

NaNO,/HCl CuCN, A 

ArNH, ► ArN*+ Cl- ArCN N, 

0.5“ 

4 Dehydration vf Aidoximes Aldoxtmcs in the presence of acetic anhy* 
dride or PCIj also yield cyanides. 

(CHaC0),0 

CH,CH NOH ►CHaCssNLH.O 

5. In the commercial production of acctouitrile, a mixture of aectic acid 
vapor and ammonia is passed o\ci a dehydrating agent at high tcmpcratute 

Al,0„ A 

CHaCOOH NH, -►CH.CN 211,0 

6. An alkyl isotjanide may be obtained by heating analkvt halide with 
AgCN. 

Heal 

CH,BrfAgCN CH,NC . AgBr 

it may also be obtained by heating a primary amine with chloiuform m 
the presence of alcoholic KOH solution. 

ethaflci 

RNH, i CHCI,-t 3KOH ► RNheC f 3KCI 3H,0 

Reactions 

1. Hydrolysir A cyanide requires either an acid or base foi hydrolysis. 
The product is a carboxylic aad and m the mechanism anamide is postulated 
as an intermediate. 

H^SOj/HjO 

CH,CH,CN CH,rH,C<K)H 

teflux 

H,bOJH,0 

C,H,CH,CN C,H,Cff,COOIC 

reflux 
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If the nitrile is sterically hindered, the amide, rather than the acid is 
usually obtained. 


HjSOi/HjO 

(CH^CCsN »► (CW,),rONH, 

Pivalonitnlc Pivalatnidc 

iso Cyanides yield amines on acid hydrolysis. 

HjSOj/HjO 

CH,NC ► RNH, 1 HCOOH 

2. A cyanide adds on a molecule of ihc Grignard reagent and the imine 
intermediate is further hydrol>zed to a ketone. 

NMgBr NH O 

CHjMgJBr 1, H+H,0 ? H+/ILO 

C*H,CN > C,H*CCHj ► CJi.CCH > Co»,CCH, - NH, 

An I mine 

3 .7 Wtion: Cyanides arc reduced to primary while iso cyanides arc 
fcduced to secondary amines 


11,. N(, A 

C.HjCHjCN CJf,CH,CH,NH, 

P — Pbenylethyianiine 

Ni, A 

RN -C— ' i-RNHCHa 

4. Isocyanidcs rearrange on heating for a long time to cyanides. 


A 

RN«C RCsN 

S. Alkyl cyanides combine with dry ammonia to form amidincs. 


RCN 1 NH, 


NH 


R -C 


\ 


NH, 


6. Alkyl cyanides can be convertv into aldehydes and they thus pro- 
vide a useM method for their preparation. Lithium aluminum hydride in 
ether reduces a cyimide under controlled conditions to an imine which on 
hydrolysis forms an aldehyde. 
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H 

I mine C^tlopropanc carbox>aldehyde 


Ql'ESTIONS 

19 1 Wntc ^hort notes on the followlnu' 

I ^tenficatiou of an ai.icl, waxes, symiietic detergents, acidity of 
amidts, hydrogenation v'f oiK, sap^milicition nuinhcr 
19 2 IXscnbj the prepnaiijn, ictioiis and uses of urea 
19 3 Write a mechanism for each of the following reactions 



19.4 Show by chemical equations how to make soap ftom fat, 
39 S Wettti structural formula for the following compounds: 
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a. N'Ethylbutanamide 

b. />— Broinobcnzoyl chloride 

c. Propionic anhydride 

d. n — Hexyl huxunoatc 

e. 2, 3'Diincthyl succiniinide 

f. w— Cyanotoluene 

g. Cyclohexane carboxamide 

h. Ethyl butyrate 

1 . iso Propyl butyrate 

j. a— Bromopropionitrile 

k. 2— Naphthyl hexanoatc 

l. 2-~iso Propyl heptancnitrilc 
ra. Dia/ometliane 

n. iso- -Biuyiic acetic aiihydrids 

<). Ethyl — 2— (4 — methyl cyclohcxyl) propionate 

p Cyclopropaoccarbox) Ik acid chlu ide 

19.6 Show how each oftho following c<»riversion could bo accomplished: 

a. \tctyl chloride to acetic anhydriile 

b. Benzoyl chloride to ethyl benzoate 

c. Acetic anbydfhlc to acetone 

d. Lthy] acetate to 3 — methyl— .3--penlanol 
c. Triinctliylacctic acid (o r— ’.ulyl isocyanate 

f. Ethyl propionate to propionitrile 

g. Propionitrile to ethylamine 

h. Ethyl acctoaeetale to aiitipyiine 
I. Malonic ester to leucine 

19.7 ])iseiis> the picparation, important rcacli.' s of nit''iks and wo- 
nitnles. 

19 8 Write the structi.:.il foimulac for all the esters of the formula 
(’jUjipa. Write (hvir ILPAC naines also. 

19.9 Wiite equations tc/ show the reactions of but..noyl chloride with 
the following reagents 

a. Benzene AlClj 
b Water 

c. iso — propyl alcohol 

d. Aniline 

e. Dimcthylaniine 

f. Sodium acetate and lic.ii 

g. Trimethylaroinc 

19.10 An ester r'.Hj.O, was hydrolyzed with water and an acid, A, and 
an alcohol. B were obtained. Oxidation of B, with chromic acid 
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prixluccd A. What is the sStructure of the original ester? Write 
equations for all the reactions. 

19.1 1 A neutral liquid of formula is hydrolyzed to an acid A, 

and an alcohol, B, Acid A, has a neutralization equivalent of 84. 
Alcohol B, is not easily oxidized with an acid solution of sodium 
dichromatc- What is the formula and name of the origittal com- 
pound? 

19 12 An ester of molecular formula CgHi^O, on hydrolysis affoids an 
acid A and an alcohol B. (Oxidation of alct>hol B with sodium di- 
chromatc ghes use to an acid C, Sodium salts of acids A and C 
on fusion with solid sodium hydroxide yield propane in each case. 
What is the structural formula of the original ester? 

19. 1 3 In each of the following cases give the monoprotonated product 
and justify your answer. Note that in some ca.scs there are two 
sites for monoprotonation. 


a. CHgCN 
d. HCCX)H 
NH. 

I ■ 

g llgNC Ml, 


b. H(X*II,CHgOCH, 
e. HONHg 

h -()C'H,C C - 


c. -o('ir,cii.,s- 

f. HO('l 

<) 

'1 

i. <'MjfXKV«G 


19.14. Hydrolysis of a nitrile requires the presence of an acid or Kisc. 
Which of these two would you expect to be employed in the follow- 
ing eases because of the sensitivity of other functional groups? 

H,C ClK lljCN, BrC'H,< Hj( N. CHjC (X ll.CU.CN 

19.15 Write the reactions involved in the preparation of the following 
compounds using the reagents indicated in parentheses: 


a. .Methyl ben/oate fi'om benzene (CHjC’l,AK.'l*, Uij/bv. Mg/ethcr, 
aVH*. CH,OH/H^). 

b. Propionic anhydride from propionaldehydc 

(AgMVNH.OH, P,(V. 

c. Bcnzanilide from benzoic acid (SOClg, Cd(CgHj)*, H,NOH, H+). 


19.16 Describe the preparation of diethyl malonate. How can t| be used 
to synthesize, 


(i) iso Butyric acid (ti) Barbituric acid (iti) Crotonic acid (iv) Aceto- 
acetic acid. 


19.17 Whal is a reactive methylene group? Illustrate your answer by 
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giving the synthetic uses ofa compound containing a reactive methy- 
lene group. 

19.18 What arc vegetable oils and how do they differ front mineral oils? 
Starting with a suitable mixture of oils, give a detailed account for 
the manufacture of soap ? Write a short note on synthetic 
detergents. 

19.19 a. Briefly State how ethyl acetoaectate is- prepared. 

b. How will you prove the existence of the keto and cnol forms 
the ester? 

c. Making use of the ester how can you prepare: 

(i) Succinic acid (ii) iso Butyric acid (iii) Methyl ethyl ketone. 

19.20 (a) What is “active methylene*’ group? Explain. 

(b) How will you prepare: 

(i) adipic acid from malonic ester (ii) methyl ethyl ketone from 
dcetoacetic ester (iii) crotonic arid from acctoacetic ester? 

19.21 Describe the kcto-cnol tautomensm with reference to ethylaccto- 
acetate. Mention two synthetic uses of this ester. 

19.22 a Discuss the chemistry and industrial uses of oils and fats, 
b. Explain the signifleance of saponifleation value. 

19.23 What arc fats and oils? What is the importance of hydrogenation 
and hydrolysis of fats and oils? Explain with example. 

19.24 a. What l^ tlie natural source of urea? Hov is it synthesized? 

What arc its important uses? 
b. Explain what happens when urea is: 

(i) heated alone (li) treated with alkaline hypobromite solution 
(ill) treated with malonic ester (iv) treated with ice-cold nitrous 
acid (v) treated with h^'draztne. 

19.25 Calculate the saponification number of tristeann of 90^^ purity. 

19.26 Give an example of a detergent. Discuss the cleaning action of 
soap. 
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Sulfonic Acids, Their 
Derivatives and Drugs 


Sulfonic acids are another important class of organic acids Both aliphatic 
aromatic sulfonic acids an. knoisn hut wc vrill iimit the discussion to 
the aromatic suifoniL acids only. These acids possess the general molecu- 
lar formula \rS(),H wheie — SOjH is .ailed a suljonu lUiJ tfroup These arc 
strong acids and loni/c completely in solution The names of the aiids 
are simply derned by adding the iw/hjr sulfonic acid to the name of the 
compound to which - SOjH function is linked Following are some re- 
presentative examples* 




Bcn«DCsu)*fmii. itii' 




Oh 


/'—-I I>drf'\>btn/ctiC 
Huiroiiic wid 


20.1 PHASIC 4L PROPER riKS OF SLT FOMC ACIDS 

Sulfonic acids are highly polar and veiv soluble in water, but insoluble in 
most organic solvents The sulfonic acid group is often introduced to pre- 
pare tailor -made conipsunds to bring about water solubility, Beo/ene— 
sulfonic acid is compaiable m acidity to <-ulfunc acid. 

20.2 PREPARATION OF SULFONIC ACUXS 

1. Sulfonic acids arc prepared by sulfonatiun of the corrctponding 
hydrocarbons. DifTcreot reagents employed for suHunation ard sulfuric 
acid, (H,SOt) chlorosuifonic acid (CtSO,H) or fuming sulfaric acid 
(H 1 SO 4 SO|), also known as oleum. 

cone HjSO,. jS SO'C 

C.H, C,HgSO,H . H,0 

Benzene Ben/encsuifotiic acid 
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Mechanism 

The mechanism of the reaction resembles that of halogcnation and nitra- 
tion. 

O 

II 

The attacking electrophile in sulfonation is SO3, (S—O). It is a power- 

.{ 

6 

ful electrophile and reacts directly with the bcnrcnc ring. The concentration 
of SO 3 in sulfuric acid may be regarded as due to the self— -reaction of sulfuric 
acid. All the steps in the mechanism are reversible. It is a normal electro- 

2 H,SOi , SO, -I- H 3 O* + HSO4- 








Hfi 


philic aromatic substitution reaction The diiTcrence, however, is that the 
intermediate docs not have a net formal charge, rather it is neutral. The 
product of the reaction is benzenesulfonic acid which is punhed and often 
used in the form of its sodium salt. 


JO J REACTIONS OF SULFONIC ACli>S 

1. Sait Formation: Unlike aromatic carboxylic acids, aromatic sul- 
fonic acids are completely ionized in water and form salts with bases. 

NaOH 

C*H,SO,H C,H»SO,- Na" 

Sod. betwene 
sulfonate 
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p— Toluenewlftniic acid 


NaOH^ 



sod. p— tolucnesuifonato 


The acidevoivcs CO^ with sod. bicarbonate. 

2 Fusion with Alkalies : The sulfonic acid group can be replaced by 
a nucleophile under drastic conditions. With sodium hydroxide it requires 
fusion (250-300") and gives rise to phenol. 

A H+ 

C,H,SO,-Na+4 NaOH ► C,H,0- Na* — ► C,H,()H 

}*hcnol 


The sodium salt of the ucid on fusion with sodamidc yields aniline. 

A 

C,H,SOr Na+ t NaMHa C.tf.NH, f Na,SO, 

3. Formation of Acid Chloride : A sulfonic acid can be converted to 
an acid chloride by reaction with PCI*. For this purpose it is convenient 
to work with the sodium salt of the acid. 



SO 2 CI + POCI 3 + NoCt 



p— Toluenesuirony] chloride 

The sulfonyi chloride and not the acid reacts directly with alcohols or 
phenols. 

4.Rir^ Substitution ; The — SO,H group is an electron-withdrawing and 
thus m— directing. Nitration or sulfonation yields mera dcrivativei of the acid. 



M—BenzeaediaulfMiie acid 


BsuaoMuifooic acid 
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5. Demdfenotion : This is the reverse of sulfonation and takes place 
when a sulfonic acid is heated at KXV-ITS’’ with aqueous sulfuric acid. The 



H*/ H 2 O /steom 

---- 


^ ^ CH3-^H2S04 


yi'— Tohienesulfonic acid 


Toluene 


reaction is reversible and to push it to the right a dilute acid is used and 
superheated steam is passed through the reaction mixture. Furthermore, 
the volatile hydrocarbon is continuously removed. 

6. The — SO,H group can be leplaccd by — C\ by fusing the sodium 
salt of the acid with NaCN 


Fusion 

C.HjSOg- Na+ ^ NaCN ► C,H,CN f Na^SO, 

500“ 

Sod. benzene sulfonate Ben/onitrile 

The yields in this reaction arc often poor. 

20.4 C.SES OF SULFONIC ACIDS 

Sulfonic acids are commonly employed for the preparation of naphthalene 
derivatives, where preparation of nitriles through an intermediate halide 
or amine arc not feasible. They are used in organic synthesis, for the 
manufacture of phenol, dyes and in synthetic detergents. 

20.5 BENZENESULFONYL CHLORIDE 

- Ben/encsulfonyl chloride is one of the most important derivatives of benzene 
sulfonic acid. 

Preparation 

1 It is prepared by treating the 8i>dium salt of the acid with phosphorus 
pcntachloride. 


PC, 

C*H 5 SOrNa+ ► C, ^,SO,Clf NaCI fPOO, 


Pure benzencsulfonyi chloride is obtained by distillation (b.p. 251. 5“). 

2. Benzenesuifonjd chloride may also be obuined by direct chloro- 
sulfonatkm of benzene. 


Quiciso^h 


♦ C,H,S0|a+H,O 
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Reacthia 

1. BetusoaesttlfoQyl chloride reacts with water, ammooia, alcohol or 
phenol to yield the corresponding acid derivatives. 

«LO 

, »-C.H,SO*OH+HCl 

CjHjOH 

»-C,H,SO,OC,Hj+HCI 

i 

1 NHj 

C,H4S0,CI -►QHjSOsNH.+HCI 

1 

• r*W MM 

— ?-4c,HtSOjNHCH,fHCl 

C.HjOH 

►C,H,S0»0C*H8+HC1 

Sulfonic esters are prepared by the reaction between sulfonyl chloride and 
an alcohol, and not directly from sulfonic acids 

2. Friedel— Crafts Reaction: Benzcnesulfonyl chloride reacts with 
benzene under the Friedel— Crafts conditions to form sulfoncs. 

AtCl, 

C,HtCO,Cl fC.H, ^ C.HjSOjC.H, 

Ben/enesulfonyl Diphenyl sulfone 

chloride 

3. Sulfonyl chlorides, in contrast to sulfonic acids can be readily 
reduced to sulfinic acids or thiopheools. 

13H1 - 

^ C,H,SO,H + Ha 

(/n+H,0» 

C^H.SOjCI ■ Benzenesulfinic acid 

m 

Bcnzene:>ulfonyl ► CjHjSH+HCI f2H|0 

chloride (Zn4-H*) 

Thiopbenol 

204 p-TOLUENESULFONIC ACID i 

Preparation I 

t . The isomeric o— and />-~tolueocsulfonic acids may W obtained by 
sslfonatios of toluene in the presence of sulfuric acid at low t<Mii|M»{«ture. 
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SOjH 


m.p 106“ m p. 67 

Reactions , , 

1 The iodium salt of the ai id with Pda, forms />— tolucnesulfonyl 
chloride, /j— Tuluencsulfonvl chloride is also known as tasyl chloride and is 
used in the pjcparati m of sslcrs from alcohols 




CHy 


p — 1 otucnt&ulfonyl p— rotucnesulfonate 

chloride 

2 It is used in the preparation of chloramine— T (sod. p— tolueoesul- 
phoneblorpamide). For its preparation, toluene is converted to toluene — 4— 
sulfonyl chloride which » heated with ammonia to form the amide. Sub- 
sequent reaction with sod. hypochlorite gives chloramine - T 
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y'—Tolueiwwulfonyl ('hlowmme — 

chloride 

3. The 0 — isomer is u<cd in the preparation of sactharm [3— Oxo-*-2, 
3-~dihydrobenz fd] isothiorolc—l, ! — dioxide] 



o— -Tolueoesulfonyl chloride Saccharin 


Sacchann is used a> artificiahweitencr in ^ofttlraikN It is oOO times sweeter 
than sugar It has no food value and is excreted unchanged m uiine 
Saccharin is unpalatable to many people botaii c it Iea\iS a bitter altei- 
taste It was replaced by which though onh times sweeter 

than sugar, leases no after-taste The .tnitturcs of these compounds arc • 



Sodium cytlanmte c'atcmm cydamite 

Bveii this sweetener sms found to cause bladder cancer in rits, therefore, 
the teaearch for new artificial sweeteners is continuing 

4. p— Tolucnesulfonyl chloride can be reduced with zinc and water to 
form tolfiak; aetd. 
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/I— Folucncsulfonjl p — Toluencsuhiiiii 

chloride dcid 


20.7 SULFANILIC Aai) 

Pn’ptirailon 

Sulfatiilic acid or p-aminobcn^enevulfonic acid prepared by healing 
aniline with sulfuric acid at 180-190'’ for about S hours Aniline hydrogen 
>ulfdte is first formed which loses a molecule of water to form phenyl- 
sulfamic acid which rearranges to sulfanilic acid. 



SOyH 

PhcnsKulfamic acid Sulfanilic acid 


Reaction <, 

1 Suliiinilic acid is grey in color due to atmospheric oxidation It exists 
in the form of an internally ionized salt, ic.. a 'Vwiltcrion” (a dipolar urn) 


SOj The amino gioup is thus not easily acetylated 



2. Brominalion ‘ Bromination of sulfanilic acid first gives 3,5— dibromo- 
4-aminobcn/enesiilfa«ilic acid which on w.uming with excess bromine 
yields 2,4,6— tiibromoanilinc 
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Uses 

Sulfanilic acid is a vatuabie intermediate for the prepalat^onof^evcraidye^ 
such as methyl orange. 

20.8 SULFONAMIDES 

Preparation 

I Troaimt.nt of ammonia with sulfonyl chlorides yields sulfonamidts 

A'.ll.son ^ 2NH, (;HsSO,NH. f NH4< I 

AiSCVl 2NH, >- ArSOiNH, f NIUCl 


Reactions 

Sulfonamides are ciystallinc solids with sharp melting point% 

1 On heating ben/cnesuifonamide n ith aqueous acids, siiUenic aud and 
ammonia arc formed A sulfonamide, howesci, umlergocs hsdiolysis much 
more slussly than an amide of a carboxylic acid 

H*,A 

CtHiSOjNHj H.O •- C,U*S(V)H NH 

Beozeiu^ulfonaindL hen/encMiltonu 

.tciti 

2. Sulfonamides show .ipprcciable aciditv.ind di>sohc in '•'loiig alkilus 
to form water soluble salts 

C«H,SOiNHj-t NaOH ► C«H SOjSH Vi H O 

i. Sulfanilainidcs react very dowly with UNO* and use is made of this 
property to diaroli/c the ring amino gioup witlu'ut attacking the sulfona- 
mide group 



Sulfaniiamido /> — brcmaben/ciic- 

vulfccanitde 


28.9 DRUGS 

A ling may be defioed as any chemical agent that affects the |^otoplata)« 
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i.e. the body cells. The proper functioning of the body depends on diiferent 
chemical reactions and a breakdown in these reactions results in an abnormal 
condition which we call disease. To combat discuses we need drugs. In the 
past almost all medicines used by doctors came from plants, being extracted 
from leaves, roots or seeds. The extract was made up in the same way as 
we make tea or coffee, a cup of tea being an infusion of the leaves of the 
tea plant. The development of synthetic drugs was most marked in Germany 
and was closely related to the development of techniques in organic and 
analytical chemistry. Certain drugs tend to have more than one physioiogi* 
cal effects some of which cun be detrimental. A substantial part of 
research nowadays is directed to minimi/.e the side effects, besides achieving 
its goal of combating the disease. 

20.9.1 Drug Action 

There arc several theories about the action of drugs. However, before a 
drug can exert ils characteristic effect, it must be conveyed to its site of 
action, therefore, such physical propeities as solubility and volatility are 
of the greatest importance. Drugs taken by mouth should be capable of 
being absorbed into the blood stream. An additional important factor is 
that the drug should not be excreted or converted into an inactive form too 
rapidly. 

There are two broad views about the mechanism of drug action. The 
first IS called the non-^peiijie drug action which depends on some physical 
property. The molecular size, shape or nature of the drug has little action 
on the drug action. The most familiar drugs in this class arc the anaesthetics 
such as ether and chloroform. The property which is responsible for their 
sleep producing effect is due to their solubility in fats. 

The second view is known as the specific drug action. According to thi.s, 
the eft'cct of a drug i.s markedly dependent on the chemical constitution and 
the molecular geometry of the molecule. This is based on the concept of 
drug receptor interaction. A receptor is a molecule with which a drug 
interacts to pioduce its t) pical biological and physiological response. In 
most cases a receptor is often an cn/yme. For a drug to be effective it must 
fit the rixeptor to form a complex It is thus* anticipated that even a small 
change in the structure of the molecule would destroy the fit and alter the 
resultant action of the drug. For instance, it is established that the tevo 
form of morphine is active as a pain killer whereas the de.xtro form does 
not fit the receptor. This mechanism may be envisaged analogous to the 
action of .an enzyme for (he progress of a biocliemical reaction where a 
specific enzyme is needed for a particular reaction. 

20,10 SPECIFIC DRUGS 

The sdence of drugs, known as pharmacology, is very complex and embraces 
a knowledge of both chemistry and biochemistry. Drugs can save lives if 
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properly used but can become poisons if abused. Several classes of drugs 
of common use will be discussed heie. 

20.10.1 jBactericidal 

This term denotes anything that dcstn>ys bacteria. Though the body tries to 
defend itself against a disease, defence can be aided with the help of chemical 
agents. The synthetic chemical agents are known as themotherapeutU agents 
Some of the compounds used earliei were the sttUa drugs or sulfonamides 
The tiist preparation of a sulfonamide (p amlnobcn^cne sulfonamide) was 
made during the investigations on aro dyes by Gelmo in the beginning of 
the nineteenth century The synthesis of a sulfonamide is ilhiscrated as 
follows 





The use of a compc'und as a diog dictates the iiaturcof the amine (RNHj) 
and the heterocyclic compounds have proved the most useful, f xjinpli s of 
a few suifa drugs ate given below 



Sttlfapyrit'tne 
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Antibiotics: The antibiotics are the naturally occurring chemotherapeutic 
agents. They have largely replaced the sulfa drugs though the latter still 
find uses. These substances are more t<^xic to the microorganisms than to 
the host. Diseases known to be caused by bacterial infection are treated by 
antibiotics. The notable success came with penicillin. It is a product of the 
metabolism of the mould penicUlium notawm. Its discovery was made by Sir 
Alexander Fleming in 1929 who received the Nobel Prize in medicine in 
1945. Like the sulfonamides, penicillin affects only certain types of bacteria. 
The general formula for penicillins is the following: 


ROCH2CONH 




sc. 


N 


CM3 

tOOM 


If R -T -CII»C,,Hj then it is called penicillin (• 

Now.isiajs several thousands of aniibiotiti arc known but only sixty of 
them are in clinical use and aie employed l<> treat rheumatic fever, scarlet 
fever, syphilis, meningitis, tetanus, etc Iciracyclinc, streptomycin, and 
crythroni>cin has c the same antibacterial spectrum. Ihvse are the most 
commonlv and casually prescribed drugs The> can be life-saving drugs but 
thcii uiincci.ssaiy use ma> cause problems like allergy, gastro-iiuc-stinal 
upsets and sensitization of the ^kin 

20.10 2 Aualgosks 

These arc pain killers. Pain is a s\ ndrome of sensations with which ait 
human beings become ine\ itable familiar and drugs that can relieve pain arc 
the mt>st sought — after mcdicuics. Such drugs are consumed by people in 
large numbers even without prescription. Salicylic acid has been used in 
earlier davs for relieving headaches and for lowci i.tg the body temperature. 
But salicylic acid is unp.datablc. therefore, its derivatives, like aspirin are 
used. Morphine, isolated from poppy seeds has a high potency for killing 
pain. It is the chief alkaloid present in opium Heroin which is a diacetyl 
derivative of morphine can he prep > -ed in the chemical laboratory and is 
four times more effective than morphine. These drugs, no di>ubt, relieve pain 
and anxiety but at the same time they also cause addiction. Two synthetic 
drugs, namely methadone and pethidine are free from these drawbacks. 
Both of these arc of Cierman origin. Methadone is also recommended for 
ntorphine addicts. 
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O 

c 

<.^^CH,CHNc( 

Cfl, 

Methadone 


cooCeH^ 



Pethidtoe 


20.10.3 Barbiturates and Amphetamines 

Both these types of drugs alter the mental state Baibiturates atcdiugs used 
for inducing sleep (hypnotic .igcnts). These ate not abtained from plants but 
are prepared in the laboratory by condensing urea with malonic acid. Fhe 
.sleep induced by barbiturates is very much like the natural sleep and thus 
there is a little evidence that b.irbiturates do any h.irm. Many of them arc 
sold under trade names. 

Amphetamines stimulate the central neivous system and are commonly 
called the ‘pep’ pills These aie also synthclic diuf-. and belong lo a class 
of drugs known as pucfiir These are marketed undo the name 

methedine, benzedrine and dexedrine 


20 10 4 TraBqoiliizers 

These are drugs which sidatc without inducing sleep. Mans of them aic 
mild and used to relieve anviciy, excitement and restlessness rhese aic use 
fill drugs if prescribed properly but giving these drugs for minor worries and 
stress is definitely a misuse Meprobamate (tiade name cquanii) is u.sed to 
relieve tension without causing dross sincss. Chlordiazcpoxide (tiadc name 
librium) has been used extensively m the ticatment ot ncurosus, behavior 
disturbances and alcoholism 1 hese drugs arc addictive. 


Cfl, 


1 l.NCOOCHjdc 1 f ,OCON », 

c!h,ch,ch. 



Meprobam uc 

i 

Caimpose and Larposi are (he other tranquillizers in common |ise 


20.11 DRUG ABUSE 

Because of the availability of drugs, most diseases can now be eqsily oon' 
trolled. Drags have become a part of our daily life. Several types of drugs 
have certainly helped in eliminating various diseases and controlloig many 
others. The maio hazard of drugs is their abuse. Certain drugs are consider' 
ed to lead t«k certain medical and social probleiDa and are lm«sni aa *p^* 
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drugs. Such drugs arc consumed for non-medical use and for pleasure-seek- 
ing experiences which lead to drug addiction. These drugs include morphine, 
heroin, cocaine, amphetamines, barbiturates, LSD, alcohol, etc. 

Morphine aad heroin were originally used for therapeutic purposes but 
when taken repeatedly they cause addiction. They are also known as narco- 
tics. Morphine produces a feeling of well-being, an euphoria especially when 
it It given by injection into the vein. Addiction to morphine, like addiction 
to alcohol is a sign of weakness of personality, lack of will power and self 
respect. Addiction arises because morphine not only diminishes pain but 
also diminishes worry and anxiety created by the problems of life. Under 
the influence of morphine, the feeling of frustration disappears and the sub- 
ject forgets the goal he has set himself and the disappointment in failing to 
achieve it. Heroin is much more powerful than morphine. Codeine (methyl 
morphine) is useful as cough depressant. Cocaine was used extensively in 
surgciy. It IS not a narcotic, instead it stimulates the brain and it is for this 
effect that it is taken by addicts. 

Amphetamines, barbiturates and tranquillizers as discussed earlier serve 
various useful purposes in medicine. These arc what is known as ‘ovvr-the 
(OunU’r drugs and people take them of their own. These drugs arc habit 
forming and the patient often wants atranqutlli/sr to face even the simple 
problem of life. There is a tremendous misuse of these drugs. Often man- 
juana and other derivatives of cannabis (Indian ht.mp)suchas/tur//«/; (resin- 
ous extract) arc discussed as hallucinogens, ffallucimgins arc often known 
us psythodvlu s oi ph}< hotomimctic.s drugs, which causes tiansient changes 
in pcrceptKsn particuhirly visual, with changes in the sense of time and space 
but they do not imp.iir memory. Camiabis Satira is a tall weed which is the 
source of marijuana. The bhang of India is obtained by cutting the tops of 
the plant and boiling or steeping them m water or 'Hilk. Another familiar 
preparation is O'an/a. These arc also lefcrrcd to as curophic. 

Lysergic acid diethylamide (LSD) is the most important drug among 
the hallucinogens. Laigc doses can be fatal. Other baiiucinogens which have 
been used widely arc mescaline (obtained from a c&ctyxs) emd psilocybin 
(obtained from a Mexican mushroom). 


QUESTIONS 


20. i Write the products of ben/encsulfonic acid with the following 


20.2 


a. C,H*OH 
d. Br^ Fc 
g. CH,a-AlCI, 
i. H,0 


b. NaOH (cold) c. NaCN (aq) 

e. NaHCO,(aq) f. dil H^SO,. heat 

h. fuming sulfuric acid and heat 
j. Ba(OH). 


Outline tlm synthesis of the following, starting from benzene or 
toluene and any othcf reagent. 
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a. Phenol b. /»— Cresol c. Phenyl /—toluenesulfonate 

d. Resorcinol e. p—Bromobenzeoesulfonamidc 

20.3 Write the structure and the name of the major product obuined 
from the sulfooation of the following compounds. 

a. Chlorobenzene b. Anisolc c. Toluene 

d. px-Nitrotoluene c. p— X>Icnc f. Nitiobciizcnc 

g. wi— Xylene 

20.4 Complete the following reactions 





b. C,H,SO,H ^ NaHCO, *- 

c. C*HiSO,a-fN(CH,)a *■ 

d. C^HjNOi Oleum ► 




20.5 A compound with molecular formula C|Hu gives a singlpmonosul' 
fonated product B, on reacting with cone sulfuric^ acid. The 
sodium salt of B, on fusion with sod. hydroxide and fubsequent 
acidification yields a phenol (C). Write the structuttes of A. B 
and C. 

20.6 Compound A on sulfonation with cmic. sulfiiric 4cid» yields 
two iBooosulfonatcd isomeric products B and C. The potassium 
salt of B, fives C,H,N{D)wHhKCN which on hydrolysis forms 
an acid C, CgHgOf Identify the compounds A to B. 
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20.7 Explain how would you proceed to separate the following mixture? 

a. Aniline 

b. N - Methylbcnzcncsulfunamidc 

c. Sulfanilamide 

d. N, N— Dimethylbenzcncsulfonainidc 

20.8 Discuss the general methods fur the preparation of aromatic 
sulfonic acids Explain how (a) benzene (b) phenol and (c) benzoic 
acid may be prepared from it. 

20 9 Give one method of picparation, two properties and one use of 
/7'toluenesulfonic acid. 

20. 10 Give an account of the sulfonating agents in organic chemistry. 

20.11 How wilt you obtain a pure sample of benzencsulfonic acid in 
the laboratory.’ What happens when its sodium salt is (i) fused 
with NjOH (ii) treated with phosphorus pentachloridc (iii) fused 
with sodamidc and (iv^ the acid treated with steam underpressure*’ 

20*12 What are chemotherapeutic agents'? Name some of them 
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Amines, Dyes and Nitro Compounds 


Mr contains about 78'', nitrogen by volume. Molecular nitiogen is very 
stable and also very unreactivc. Strictly speaking, organic reactions that 
consume molecular nitrogen arc unknown but there arc a number of 
inorganic reactions that do consume it. Molecular nitrogen is also "jixeil" 
or converted into nitrogen containing compounds with the aid of certain 
bacteria. The only non-biochemical nitrogen reaction in nature is the 
conversion of molecular nitrogen into its oxides. Nitrogen is, however, 
fixed biochemically into ammonia which in turn is conveited into more 
complex nitrogeneous compisunds. 

Amines aie nitrogen containing compounds which may be ton'-idered 
as derivatives of ammonia in which hydrogen atoms have been replaced by 
or aryl groups. The amino group is present in a number ol important 
s(ii|||oces. The most significant of them probably are the ammo acids 
M8I19 dyes and many mediyinai agents (Benadryl, amphetamine, etc.) and 
alkaloids contain amino groups. 

Amines are classfied into three types. 1 c. primary, secondary and 
tertiary depending on whether one, two or three hydrogen atoms of 
ammonia have been replaced by alkyl or aryl groups 




K 


R 



\ 


' \ 

NH, 

RNHj 

N-H 


R— N 



'/ 


'•/ 



R 


R 

Ainaioni<i 

Pnnmy 



rtritttO 







Section A: ALIPHATIC AMINES 


Aliphatic amines are those in which only the alkyl groups replace the 
hydrofsa atoms in ammonia. 
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21.1 NOMENCLATURE OF ALIPHATIC AMINES 

The simple amines are known by their common names which are derived 

by placing the suffix — amfne at the end of the alkyl group. 


.NH2 


CHaNHj 


Methylamine 


C HjCHjCHjCHgNH, 


Butylamine 


/ r^' 


V 




v_y 

MclhvlcylohcxyUmint I th> Icy clopent\1 amine 


Cyciobutylamine 

Trii yclopropy Idinine 


CH-CIL-CH 


CHg— 

: I 

N(C}1,), N(CH,>, 


1 ,3 Di(dimetbyiamino) butane 
or 

1,3 A/s dimethylaminobutane 


In the lUPAC system, an amine is named as a derivative of a parent 
hydrocarbon and the — NHj group is denoted by the prefix - ammo. 
Numliering is needed to specify the position of the substituent 


C'HjNH, 

Clia 


\ 


CH, 


/ 


CHCHgC HjNHj 


Aminomethanc 

Aminopropane 

3— Methyl -l-'-aminobutane 


H 


CH. 


* — T N-Methylainino)hcxanc 




CH, 


2-— (N -ethylmethyIamino)butanc 
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21.2 PHYSICAL PROPERTIES OF ALIPHATIC AMINES 
Aliphatic amines are capable of hydrogen-bond intermolecularly 

(N— H N). As a result, primary and secondary aliphatic amines possess 

higher boiling points than the corresponding alkanes but lower than the 
alcohols The tertiary amines do not enter into hydiogeu-bonding. Amines 
are moderately polar substances. 

Gaseous .ind liquid amines have a noxious odor and are dillicuU to 
work with. Di> and trimeth>iamtne& are found in rotting fish and are partly 
responsible for its pcculiai smell. Migli molecular weight amines and most 
aromatic amines do not hate particularly strong odors. Aliphatic amines 
arc considerably more basic than the aromatic amines, they also form 
hydrogen-bond with water and thus show significant solubility The 
aromatic amines on the other hand, are slightly less soluble 

fabie 21 1 Ph)!ikal ('onstants of Amines 


Amine 


m.p. (“t ) 


b.i' I’t I 


sMcthvlamine 


<)1 

-7 ^ 

Dimeth>lani}fic 


96 

9 S 

Trimc(h)Uniini: 


--I17 


Lth>laminc 


~80 

17 

Dicth\|amtne 



55 

rn^thylananc 

- 

11 ^ 

80 

/i^Pjopvisiminc 


- 

iv 

n — Buf>)amine 


-104 





*78 

Ket -Butyiaminc 



Ift 

/ -Butvlamirc 



134 

< >clohcx>lammc 



185 

Kthaoediaminc 



117 


21.3 PREPARATION OF ALIPHATIC AMINES \ 

The aliphatic amines as a class are obtained by reduction t)rocesses. 

Primary Amines (!•) 

1. Reduction ojf Nitrtki , Nitriles may bo reduced to primary amines 
by chemical means Lithium aluiuiouin hydi idc or hydrogenation can clTect 
this conversion. 
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LiAlJf^ 

CHaC'HjCHjCN > ( H^CHXH^CIIsNH, 

IW* 

Propylamine Hu(ylamin<' 

The reaction involves the addition of 2 moles of ll, ..crovs the tuple 
bond at the — CN group. 

2. Rt'ihu'tion of Niiroalkam‘\ Like the cyanides, tiilro compounds 
4|ie icUuced in the presence of iron powder and aqueous aeid solution : 



CH, < H, 

\ Sn m I \ 

tlKH.NO. CHCH.Ml, 

/ tcilux / 

( H, CH3 

■* —Methyl — I — ntt rop' opa" i .a — Bui \ lamioe 


This method liovvevei is inoiv su •table foi the prepuiatbn of aronutic 
amines 

3. Rfdihfioii of Hkylazith \ Azides rnav he obtained by the S.v2 
displacement of .dk\I halide with Na’\, . I'liese on reduction with Li\lM, 
furnish amines 


Na N'., 

fll^CHiaiC. 11, >. ( II, ( M.C HCH, 

'i 

Hi N. 

sec liutsl biomulc 


I iVlH, 

cn,< ILCHCH. 

■l 

NM; 

scv hinvKimuIc 


4. Ridtution of 0\inu'M (.tsimes tre picpau'd b\ the condensation of 
ketones With hydroxylaminc hydrochloride. 1h- icsultant product is then 
reduced with LiAIH* or with Na/C ,,HiOH 


O 

II H.N()H 
CK,CH,CC’H, ^ 


\ liMHjor 

C NOH > 

/ Na C.ttjOH 


Amides arc similarly reduced with LiAlH, to amines. 


< H.CH, 

i K\H, 
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O 

n LiAIH4 

RCNH, »- RCHjNHj 

ether 

S. Hofmann and Curtius Reactions'. Jn the Hofmann reaction an 
amide is treated with bromine and NaOH to form an amine. 

() 

H Or.. NuOli 

CHiCNHj ► CHjNHj f Cf), 

Ihe mechanism of the reaction hus been described in Chaptci 19. 

The Curtius reaction involves heating of an acid azide to give an amine 
via a nitrene. 


Odopropanecarhoxylic 
iKid chloride 


O 

-s.. 

•x 

\ nitrem 


I 

I 


I 


4 * * 


(unM.ihK) (. »(.!orr»'i'.l.iiniii(. 

6. The Leukart Reaction: In this method a ketone is heated at '80 200“ 
with ammonium formate* to produce an amine. 


\ 



r4 





NH? 

ChCMj 


\cjtophenonc 


X— Phfpvielhvi imini 


7. The (uibriel .Synthesis This method gives pure prunary amines in 
good yields Fhtbalimidc is first picparcd from phthalic acid and ammonia 
such imides have acidic ptopertics because the lesulting nn|i>n can be sta- 
bili/ed by resonance The phthalimide anion has nucleophilic properties 
.md can displace a halide ion from an alkyl halide. Ihejproduct, an N- 



Phtbaiimidc 
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s coo 

c i 


oo 


r jh > 


I th>Iamirte 


.ilkylphthalimidc. on hydrolysis gives the amine and pbtbahc and Sails of 
primary amines can be prepared from ammonia and alkyl halides by 
clcophilic substitution reaction Treatment of the lesulting 
salts with base gives primary amines 


nu- 
arnmonium 


• • OH~ 

fC.lTjUr ♦ C,H-VH - Hr' ►C»Ff,\ff, 

S’w <>«</«/■> Anttnti (2 ) 

amine Mibstmitcd amuKs with I.1MJI, g.vcsa stcomlai. 


H „ 

v(h\.i I 

('IVir^CN »• ( H ( H,('H,NCH, 

\ 1 1 X!H. ’ 

(n, 

N-ncth-lpropanamuK s . i.uhvlammoi p.upanc 

IS ii^fuhSod’f,?'^^;; p>™«ry.n„nc..,h.,„.lkslhal,j, m molar amount, 
usviu) mtlhod for the vyrnhesis of a svwondary amine. 

NaOH 

I riM _«» ^ ^ 

CH,' 

fori, »/ V. Ihc rtJuctionof auall,)l „o-c,anidr 

forms a secondary amine contannng one methyl group 

H 

« V “y I 
R -N ( RjSCH 

lertmy Amines (.T*) 

tertiary ■>”>moi'M five, a low ywUI of 


3CH.B,+NH, ►(CHANH*Br (CH.VN fN.Brl H,0 
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2. Reduction of Disubstituted Amides : Dialkyl substituted amides on 
reduction with LtAIH 4 forni tertiary amines 

O CH, CHg 

t /• LiAIH* / 

CH 3 CH.CN ^ CHsCHjCHjN 

\ ether \ 

CHa , CHs 

N, N—Dimethvl- I — (N, N — \lmtctli>lumino) 

propanamide propane 

Reduction may alternuti\cly be cerried out using diboranc in 1 HF. 

3. The Leukart Reaction: 1 h is rcattioninvi)lves heating a ketone at 180“- 
200"C with N, N— dimcthyltbrmamide This leaction tan be used to prepare 
primary or secondary amines as well 


r 




V.H- 


_A 

Too 


'V 




N- 


C-s, 


CH3 


o 

C«H,CCH 3 • HCOj-HII, 


1^0“ 

► ( „H,( HCH. 

I 

NM, 


In summary, the following four methods ina.\ he emplostd I'ortheprcpani 
tion of either of the three types r>f amines 

( 1 ) Reduction of anndts 
(it) Alkylation of ammonia or amines 
(til) Leukart reaction 
(iv) Reductive amination (Sec p. 571) 

21.4 GEOMETRY AM) BASICITY OF AMINES 
The ammonia molecule is pyramidal, with nitrogen at the apex of a pyra- 
mid and a hydrogen atom at each cornei of its triangular bass as shown 
below: 




Amines, Djes and Niiro Compounds ‘!6I 


The nitrogen atom in ammonia is r/i’ hybridized, i.c. , it forms sp^—s 
a->bonds with hydrogen and the unshared electron pair is placed in the 
fourth sp* orbital. The bond angles in methane, ammonia and trimethyl- 
amine are shown below : 



KW.:#® 107® los® 

Melhane Ammonia rrimelhilaminc 


liosause of the tetrahedral natute of (he nitrogen atom m amines, they 
might appeal to be asymmetric and thus resolvable into enantiomers But 



such an optical isomerism has never been obsei ved. This ,> atli ibuted to the 
fact that one form is tiansferred into the other rapidly due to a low energy 
barrier of only 6 kcal/mole, and thus the two forirs arc intercom crtible. 
For quaternars ammonnim salts, on the other hand, in which four gioups 



arc attached to nitrogen are tetrahedral because all four ip* orbitals arc 
used to form bonds, and such an inversion is not possible, fhereforc, in 
quaternary aromosium salts, a nitrogen .tiom linked to four different groups 
should show optical isomerism and optica! activity 
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fhe extra vlection patr which is not involved in bond formation u* tcspon* 
sibJc for the basic and nucleophilic properties of amines. They aie weaker 
bases than carbanions, hydroxide ions and alkoxide i«>ns. Amines are Lewis 
bases like alcohols and e^teis In aqueous solution an amine is piotonated 
in the following manner 

ClfiNH, r IlOH ^ ( H8NH3+ i OH- 
mcc basic levi amlic 


But nitrogen atom is less clcttroncgative than oxygon thcivl'orc. aniinc'. 
base a larger ttndciuy to combine with a pi of on than do akohoU 

< H3OH HOM OH 

less hasu more .ici i.i 

In short, the alkyloxonium ion is more acidic than the alkylainmomum ion 
As in the case of acidt the basic dissociation (.•mstani, Ki is a me.isure of 
the base strength of the amiue and for the foil nving iquilib’ium 

KOH tz— OH 
fCt is given by the cxpu.'^sion 

rH,NH,+)lOH-l 
“ fC HjNH.j 

The concentration of water is not included in the above exprc'.-.ioii bteause 
it IS present in a large excess and may be considered constant Xh- iaigei 
the value of A* the greater is the tendency of the amine to accept a pn'ton 

pA'ft for a base is defined as pA» «» - log A* 

The smaller the pAj, the stronger the base. I’he pA* values loi Jome bases 
are i^ven in Table 21 .2. 

The basicity of the first four members in the tabic follows the order 
(CH,),NH> CHaNH, > {CHa),N > NH,. This order shows that amines 
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'nible 21,2 p/r« Valoet of Amines 


Amine 


Amine 

P/Cif 

NHs 




iU.NH, 


« jHsl.MI 

1 06 

ni, 

\ 

Nil 

/ 

til. 

1 :s 

(l 


« HihN 

4 2 N 

( 11.5 
\ 

t MN'Il 

/ 

tH, 


( .HjMI. 


iCIla)/ Nir^ 

1 :i 


.i!c more basic than ammonia bccau>e of the ciectron*donating properties 
of the alkyl groups make electrons more available on the nitrogen atom for 
donation. An opposite effect of basicity is observed if elcctron-witbdravting 
groups aie bonded to the nitrogen atom. Anothci important point to be 
noticed hcie is the fact that is less basic I'cin either (CHjVNH or 

CH,NIf. This IS explained in terms of steric hindrance of the alkyl groups 
which prevent the donation of the electron pair on the nitrogen atom. 

The basic properties enable amines to form salts with acids and since 
these salts arc ionic, they are usually soluble in water. 

CH3NH5 ^ HCI ► CH,NH»*ri- 

Meth>l Mcth>lainmonium 

amine chli'fdc (soluble) 

This property of amines is employee n separating them fiom other cxim* 
pounds. For instance, consider a mixture of phenol (b p. 182*), acetophe- 
none (b.p. 202") and aniline (b.p. 184*). The components cannot be easily 
separated by fractional distillation from the mixture. The separation can be 
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CaHjOH 




O 

i| 

QH,CCH 


s 


Extract with 
sod. hydi oxide 


Extract with I Left behind 

dll HC I I 

if 


accomplished by extracting the mixture vvith ••od. hydroxide solution which 
removes phenol as its sodium salt and phenol is regenerated by acidification. 
The remaining mixture containing aniline and acetophenone is shaken with 
dil. hydrochloric acid and aniline di$soive.N us its hydrochloride into the 
aqueous phase The two Kiscis are separated in a separatory funnel The 
amine is regenerated by neutralizing the aqueous layer vsiih sodium h>(iru> 
xide. The ncutial acetophenone is left behind. 


21.5 REACTIONS OF AI.IPHATIC AMINES 

The basicity of amines can be attributed to the presence of ,i lonv'-p.ur of 
electrons on the nitrogen atom Although amines arc basic, they abo func- 
tion as weak acids. Their lithium salts can be prepared with CbH,! i. 

1. Formation of Ammonium Salts .Since amilU'^ aie b.i'.ic they react 
with strong acids to form saltN. 

CH ( H.NHj MCI ► C’HjC HsNHa't I 

t thvl.imtiic t th>I umnon'unt 

thliiiid.. 


CH, 

\h HCJ — 
/ 

CH, 

DimethvLimmc 


CH, 

\ 

NH,*Ci 

/ 

C'H, 

I )imcth>Kimmon1um 
chloride 


(C,H,>,NH- QHjU (.(riHstgN'Lt (V,H, 


Lithinm diethylamide is a strong base. 


CH,CH,N(CH,), • HCl - 


N, N — Diracthylethylamine 


CH, 

>■ CH,CH,NH^C 1 

cir, 

N. N-Dtmcih>fc«i>I- 
ammonium chloride 


2. Fornurtion of Quaternary Salts; An amine being a powciful nuclco- 
phttc reacts with an alkyl halide by an S/if2 ditplacement reaction producing 
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(he next higher amine. The final product of alkylation is the formation of 
A quaternary salt. A quaternary salt reacts with moist silver oxide to precipit- 
ate a silver halide 

CH,1 Cllgf Citjl 

CHgNHg ► (CHj)jNH (CHg)3N (CHj)3N+CHjI~ 


2(CHa),N+I- 

I 

C'H. 


AgjO-f HP 


2(CH,),N+OH- + 
CH, 


2Ag[ 


3. Acylation: Fiimarj and >ccond<iry amines react with acyl halides oi 
acetic anhydride to form substituted amides. 


H O 

I 

C,njCH,VH,+CHP()CI QH5nijN-C CH,4 HCl 

itcnrytaininc N — Ik’n/ylacetamidc 


O 

,1 

2(CH,C'Hj),NH-KCHnCO)iO ► 2(CHpHj>jNa'H3 H/) 

nic(h>Idinin« N N' - d.nhyldccuimdc 

Tcrtiaty amines do not have a free hydrogen atom and thus do not form 
amides. 

4. Reaction iMth HNOii This is one of (he most interesting and widely 
' investigated reaction of amine>. The aromatic primary amines react to form 
stable dia/oniura salts. The aliphatic piimary amines react with nitrous 
acid but the intermediate diazonium salts formed are unstable and the 
amino group is readily replaced by the — OH group 

MONO 1 ist HjO 

(RN.>+)C1 ► R' ► ROH 

iNdNOg ltd) -Nj N'i 

UONO 

f *- C,H,CH,OH 

With higher amines rearrangement and ring expansion products are also 
obtained in this reaction. 
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H+ 



I —Mcth) lamino* 
cyclohcxanol 


<>clo- 

hcptanoiic 


Secondary amines icact to form N nitrosamincs, which separate from 
the reaction mixture as yellow oily liquids. 


R 

\ 

NH , MONO 

/ 

R 


R 

\ 

► N-^0 ! H..O 

/ 

R 

\ nitio^amnic 



H NO 

PiperidiiK N—nitrosopipcrulinv’ 


Nitrosamines are poLsonous compounds and believed to be careinogeiue, 
i tt. cancer causing agents. 

Tertiary amines simply dissolve in nitrous acid foimiog a suit. 


R 

\ 

R— N • HONO 

/ 

R 


R 

/ 

R 


A Icrtiny aniiiKi Trialkylaminoiiiuin 

niltiie 


Nitrous acid is a useful reagent to determine whether an amine it I", 2” or 


Ctirbyiamine Reaction: Aliphatic as well as aromatic primary amines 
reaot with chloroform and potassium hydroxide itolution to yield isocyanides. 
This reaction is often used as a tost for the idcntincation of a primary 
amine. . 
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CaH,NH,+CHa,+3KOH -► CjHjNC f 3KCl+3HaO 

I Ihylaniinc Lthyl itocyanide 

6. Hofmann Degradation: A quaternary ammonium hydroxide results 
iiom the reaction of a quaternary ammonium halide and moist AgjO. 
This on heating stiongly suffers an elimination to give an alkenc; this pro- 
cess is known as Hofmann degradation. 






C’ycIohc\>laininc 


('jtlolKxene 


I his is an H2 elimination in which the hydtoxidc ion function:^ as the ba&c. 
The structure of the final olefinic pioduct assists m the establishment of the 
structure of the original amine. Similarly 1,2 dimcth>)piperidiac gives the 
following product 



l—l>iiiii.lh>lpi|'eiiJii'« I*— (N, \ - UinK'ihyUinino' 

1— hcxciic 


7. Oxidation: Amine arc oxidized with case in trie presence of hydrogen 
peroxide, HjO; or per acids. A primary amine i-^ oxidized easily to give a 
mixture of pioducts, a secondary amine yields the hydroxylation product, 
while a tertiary amine gives an oxide as the sole product. 

R R 

\ \ 

N-iltHjOj 1- N— OH-lHaO 

r' r' 

R R 

^ \ 

R—N+HjO, ► R~N+--0-^ Hjt) 

y ' 

K R 

An asymmetric amine oxide can be sepaiated into optietd isomcis. 



568 A Ttixtbook of Organic Chcmivtrj 


The tertiary amine oxide containing a ^'hydrogen atoin^ on heating forms 
an alkene and the reaction is known as the Cope reaction. 


9 

O CHzNtCHj)^ . 

~ > [ I 4-(CHj>^ 

N N — diiincth>lc>clt>hc\>lamm«. McthyloncLyclohexcnc 

«» i<le 


21.6 IDENTIFICAIION OF AMINRS 

A qualitative test for the identiBcation of amines has already been stated, 
i.e., the formation of watcrsoluble salt \sith dil hydrochloric acid. After the 
unknown compound has been identihed as an amine, it is important to 
classify it into a primary, secondary or tertiary amino. The following two 
tests may be used. 

(. Uimberii fest: This test involves the reaction of an amine with 
beoiscnesulfonyl chloride in the presence of aqueous sodium hydroxide 
Primary and secondary amines form a sulfonamide whereas a tertiar) 
amine does not undergo auy reaction because it does not possess a replace- 
able hydrogen atom 

NaOtt 

Primary. f C ^HsSOjC'l 1 - RNHSO.C.H* ^ 

Na 

RN SOjCjHj tSoiubk) 

SdOU 

Secondary: R^MI 1 C’jHjSOjC I RjN.SOjQHjj > insoluble 

t 

Terttary R»N4 C,HjS()|Cl ► No reaction 

The sulfonamide of the primary amine contains an acidic proton and 
can form a salt with sodium hydroxide which is soluble. The «condary 
amine suifonamido lacks this proton and is thus insoluble in NaOH. 

In practice, to distinguish among primary, secondary and tcrtiai|y amines, 
the unknown amine is shaken in a test tube with benzenesulfonyt chloride 
and dil. sodium hydroxide solution. A primary amine is present if a clear 
solution is obtained. If an insoluble organic layer remains if can be either 
due to a secondary or tertiary amine, because a secondary amine forms an 
iiMoiuble sulfonamide whereas a tertiary amine does not react. These two 
can bedistingttished by acidifying the mixture with dilute hydrochloric acid. 
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If the layer disappears it is a tertiary amine because it will form a water 
soluble salt but separation of an insoluble compound, a neutral sulfonamide, 
indicates a secondary amine. 

(u) Reaction with 11 NO This leaetion has been discussed already in 
Section (21,5). 


Section B: ARYL AMINES 

The amino j$roup in aryl amines is bonded directly to the aromatic nucleus. 
These arc aryl derivatives of ammonia. Like aliphatic amines, they arc also 
classihed into three typc:> 


fiT"" 

\nilii)L (l"» 




Diphcinlamine <2'*) 



Tnphcn>Jiiminc (3®) 

)<. ,c*n 

u 


I 



\ — \ft.thvianiiinc ( I » N N — l)inicih>Ianilinc 


2J.7 NOMLNCI \Tl RK OF VRVT AMINES 

Aromatic anuncs arc often names derivatives of tbc simplest aiomatic 

amine, i c.,aniline< 



Aniiinc Nitroanilinc ttt — ( hloioainiine p -Hro.no /«— Chluro— N— nicthyi- 

amhne aniline 

Aminotoluenes are given the special names of tolukiincs 
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♦ 

CM, 


Li 

C. 

c i 

NH-v 

»~loJui€linc 

1 oluicline 

p — Toluulihi 


2J.« PH\S1CAI PROPERTIES OI> ARYL AMINES 
Aromatic amines are usuallv toxic They possext* higher boiling points than 
the aliphatic animes I hoy become colored by atmospheric oxidation 
Aromatic amines also form salts, with dilute hydrochloric or sulfuiic acid. 


21.9 PREPARATION Oh AR\L AMINES 

1. The first member of the arviamincs, aniline, is prepared on an 
industrial scale by two methods. 

a. Reduction of nitrobenwnc 

b. Reaction of ammonia with vhloroben/ciK 


.Nitrobenzene, in the presence of tc and 30% hot hydfi.>chloii(. acid, forms 
aniliomm hydrochloride, which on ncutrali/ation with Na,t O, icpcncrates 
UDtliQC. 


fc. Vi „ Ht 1 N.ijtOa 

C,H»NOa ► CVUMI.Hl- i- C.HjNH, 

Ammonia reacts with chlorobenzene under high pressure and high 
temperature in the presence of a catalyst (Cu,0), to give aniline. 


Nil,, 200®, Preisiifc 

C ,H.C1 

< u/J 


Chlorobenzene and other aryl halides do not undergo normal Sf 2 displace- 
ment but halide ions can be easily replaced from aryl halides cuntainiog 
lutro group at the ortho and para positions. 

2. Aniline derivatives are prepared in the laboratory by reducing different 
nitrocompounds. This is illttstrated by the following examples. 
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/) — Nilrotolucnc 


Iiiluidint 


\ 0 ? 





■“CpH^uTT*' 



^2 


i>t — UiiiilrulH’ri/t;t>c /<i~Xiuoaniiiot 



,1 — t ui!'oiiic»hi>\\niir<>Kuw.i. /> — CailH*mctbo\>an(ln.(. 

3 . Rcducti\e Aminutiofr Cailion>l fuiKtioii^ arc icuaced rather s|uggibhi> 
on tatalvtic hjdtogcnativm in coinpaiison to alk,cnc<. But the C-Nbond 
IS m iinincN add'-lndrog^n ’apuilv m the p csvIKC oI tranutton-nictalcata- 
>sts. Thus 10)1110 ohLuiitd >n react* in of an aldehyde oi ketone with 
ammonia or amine, on reduction yuld amiiKs This process is called m/wc- 
tive aniiiidtion The intermediate iniincs aie noimally not isolated. 
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A secondary amine can b; prepared titrough "this process using an 
aldehyde or ketone in the presence of a primary amine. This is illustrated 
for the preparation of cthylbenzylaminc 



4. llofmum Reaction '\r<»matic amides, on treatment with Br, KtJll 
give a good yield of amines 



ffi— Bromoben/aniKlo «( — Hronioaniii.u 


H () H 

( 0 1 'AIH, 1 

C,H,N-Cnij ► C\HjNCH,CH, 

ether 

VteUnilnlc N— cthyldmlmc 

21,10 BASICITY OF AiTYL AMINES 

Aryl and aromatic amines arc tonsidtrably less basic than aliphatic amines 
The basicity of aliphatic amines is comparable to a dilute solution of sodium 
hydroxide and that of aiom.itic amines to sodium acetate The lesser basi- 
city of aniline compared to cjclohcAylamine can be explained by the dclo- 
caliration of the non-bonding electron pair on the nitrogen atom with the 
n— electrons of the benzene ring as shown below 



Thus the diBerencc m basicity between the aliphatic and a romdUc amines is 
ascribed to, for the most part, to conjugation. As a matter of fact, the ad- 
ditional electron pair delocalizatiou that occurs intriphcrnybrnincCCtlftliN 
reduces its basicity to approximately the level of an alcohol or ether 
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{Kt 10“”). The secondary and tertiary aromatic amines would be antici- 
pated to still weaker because of the added stenc effect to electron donation 
or protonation of the nitrogen atom. Presence of substituents on the benzene 
ring in aniline cSects btisicity in a predictable manner, i e , electron-donat- 
ing groups increase basicity while electron-withdrawing groups decrease 
basicity (Fable 21 3) This happens both by inductive and resonance cfTccts 

Table 21.3 of Aromatic Amines 


Aniline 

4 64 

/^}_nronioanitfiic 

^.57 

N — mcthylaniluii: 

A m 

P — Rromoanihno 

3 86 

f>— Toluidinc 

A 44 

o — Anibidinc 

4 52 

ftt — rofutJinc 

4.-': 

ni — A nisi dine 

1 2^ 

r lolujdine 

• 10 

p Ani'^idmc 

^ U 

o—i hloioanthdc 

: 

o — Narodnilinc 

0 It* 

ni — 

^50 

a;— Nitro, vra line 

2 V 

Chloroanilinc 

199 

P — Nitroanilme 

\ 0 

(n]1i omosiuilmc 

2 




which act in a similar manner Consider, for instance, m-nitroaniline which 
is more basic than the /i-isomer. The basicity m both the compounds is 
reduced due to the inductise eleetioa-withdiiiwing effect of the nitro group 
It is, howcvei, interesting to look, into the reason for the relatively decre- 
ased basicity of p — iii*ioaniliiic The saiious contributmg structures can be 
written as follow - 



It is noticed that thcic is an additional et'iUnbuUon for the p— isomer, 
involved delocalization of the nitiogcn electrons fiom the ammo group to 
thep— NOj group. This is expected to cause the />— isomer tt> W a weaker 
base. 




V4 A Textbook of Organic Chemistry 


2I.U REACTIONS OF ARYL AMINES 

1. Salt Formation: Primary amines being basic form water soluble 
salts with mineral acids in a manner similar to aliphatic amines. The diary! 
amines form insoluble salts while the tertiarv amines behave as neutral 
compounds. 

tVfjNHj-i-HCl C„lliNira‘Cl 

CjHjCHjNir, ' HCl 

2 Reaction with Alkyl HolUh < : The h>(,lrogen atom on the nitiogen 
can be successivcis' replaced by alkyl groups to form quatentary salts. 

<.{i,i (it,l (ltd 

CgKsNHj — > rjl..NHCH, - > t\HsN(('ir,l, ~ > l'.,MsN(ClI,), l’ 

Fo prepare a dtmtihvlartd amine, a mixture of amhne. m>.thanoI aiul poK- 
phosphoiic acid may be heated 

t M, 

(IfjOlf l’P\ 

CJlsMl, 

‘O*'" 

( M 

\pi'iiic V— tlii’.ctloI.Hiilme 

3. Ac\laUon ; Primary and sccs*iular\ amines rc.Kt nithacyl halidi.st<' 
form H — substituted amides. Tertiary amijv'sdo not rear t bec.iuse thw' hass 

CjHjNH, j CTIjt OC! C„H.MI( OCM, IKT 

\niliiie VifMoiliiV 

’-.o rcplaciablv hydtogeii atoiu. 

O 


Cll,( 0 <! 


S' — f <.'th>liinuii<: 


— ^ f.,II.N(( H, 

I 

(Tl, 

v — me thvlaectatiilwlc 


N — acetylatcd amines undergo photochtmiealh induced I*ries rearranpe- 
ment to yield amiro ketones 



P — Atninnatetorhenoo* 


ActianHitlc 
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4. N-Benzoylaiion'. Aromatic amines also form substituted amides in the 
presence of benzoyl chloride and aqueous sodium hydroxide solution. Th^ 
reaction is known as SthoUen — Baumann tenction Sodium hydroxide is 
used to ncutralire the HCI produced 

() 

aq NaOii 

( fllfjNHs f C, HjCOC 1 CVf>NH( QH, 

Indinc Hcn/aiiilidc 


Mechanism 

Ben/ojl chloride, bcinij! an aromatic acid chlorid- , reacts much fasUrwith 
aniline than with sodium hydroxide 


CfcHsNMj +\C^4CCl 



Ce^^NHCC^ 


5 Rcdition with Nitrous And Primar\ <iromatit amines rc.da with 
HNO 2 at a low tempordtuic to give diazoimim &altv which arc used t s impor- 
tant synthetic agents (Septum 21.12) 

NiV>/Hr 1 


Ikn ycnedia/ouium 
chloiivk 

Secondaiy amines get nitiosaicd 


( H„NH^ 

Xmlinc 



N-Mcth^IaP.l^^K \-Nilroso-\-nHthvlaniIinc 

Tertiary ammes lack a hydrogen atom and get niliosatcd aromatic in the 
aromatic ring almost exclusive Iv at the p\ra-position 



N, >r~dimethy)anilme Nitroso — N, 

N— dimcfhyUnilmc 
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Mechanism 


►♦jCv 




6. Oxidation: Aniline is a good source for the prcparatum of /> — bcn/o- 
quinoneby oxidation with sodium dichioinate and sulfuric acid. 






7 Formation of Schiff's Basi ^nlllne condeiiacs with .m aldehyde 
with the loss of wafer to form an imineor Schilf s base An aromatic amine 
forms a more stible SchirT s base than an aliph itic amine. 

QHsNlf, I C.Hjf'llO ► ( „H> C !ir,ll. i \\ O 

Xt «!' , 

0 

These are not important as bases but ottiit .»s in*eimcdi.itcs in transami 
nation and many otbci reactions 

8 Ring Substitution Reactions: Ihcanmiogroiipit in eiCLtion-iepclImg 
group and thus activates the aiomatn. ring at the < irio and para position', 
for electiophiiic substitution. 

a. ffalogenatloiv Bromination or chlorination of aniline takes place 
readily and does not require the pre''enco of a catalyst With bromine cry- 
stalline tribromoanilinc, a useful derivative of aniline, is formed This 
reaction is analogous to the bromination of phenol 



With ebionoe, trichioroanilinc is formed in the presence of HCI. p — Bromo- 
aniline may be obtained according to the following sequence 
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Acylation of the amino group decreases its activating effect. 

h. Nitration: Nitration of an amine is carried out on an acetylated 
amine rather than on the free amine itself There arc two reasons for thi$(i) 
The free amine is very reactive and acetylation lowers its reactivity, 
(li) Free amine is very susceptible to oxidation and much of is thus lost 
m the form of a tdrr> material. 



/?— Nit roam line 

c, Sulfonation, The amino group itself reacts with sulfuric acid to form 
anilinium sulfate The salt on heating further with sulfuric acid at a high 
temperature form^ the p -isomer, i.e suifanilic acid. Sulfonation is 



Aniline SulfaniHc acid 


known to be reversible but the p— -omcr is the most stable. Suifanilic acid 
has a high melting point t300®C) and is very soluble in water but inso- 
luble in organic solvents. This is due to its existence in a ^rwiiterion* form. 

21.12 piAZONIUM SALTS 

Aromatic amines undergo a unique reaction \%lth sodium nitrite and a 
mineral acid to form very reactive organic compounds known as dia:omwn 
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salts. These salts contain a diazo (•o-N«N<— ) group and the process is 
known as diazotization. 

NftNO,/HCI 

C.HjNHj C,HbN3+CI 

^nliine Ben/enediaroniuni 

Lhloriclc 

The salts have the general formula Ar— Nl -:N+X', where X is an anion 
The diazonturo salts arc unstable and explode in the dry state. Fortunately, 
all their useful reactions can be carried out in aqueous solution. 

Procedure'. A known weight of distilled aniline is dissolved in dit 
hydrochloric acid in an Frienmcycr flask and the solution is cooled in ice. 
To the solution of aniline hydiochloride is added dropwise, and with cons- 
tant stirring, a prc-cooled solution of sodium nitrite The mixture is 
stirred continuously and the addition is regulated so that the temperature 
does not rise above 5*C. The reaction flask is kept immersed in an ice hath. 
Thisistheben/enedia/onium chloride solution and is usd .is much for further 
reaction Without isolation The stability of the dia/onium salt, in p.»rt, is 
due to the overlap of the orbital of the ion with that of the aromatic ring 
as shown below; 



RetKtions 

The diazonium salts are not isolated from their aqueous soluticms, instead 
they are treated with a particular reagent that will form the desired product. 
These salts function as useful organic intermediates and a large number of 
organic compounds can be obtained from them. Their synthetic importance 
can be recognized by the following reactions; 

I. Replacement of Nitrogen: The nitrogen from the dia/nniilm salts can 
be easily replaced by suitable nucleophiles- 
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C.HsN,+Cl- 


HjO, Warm 


> QHsOH I Ni 


CuCN 


C.HjCN I N. CuCl 


Kl, Warm 


*■ (',HbI+N, KCl 


NaNOj.Cu powder 


C.HjNO^ 


in BF, 


C.H»F 


H.POj 


c,ir. 


The first reaction amounts to hydrolysis of the bcnyenediaronium salt to 

form a hydroxy compound m— Nitrophenol, attordingly may beo tamet 
sU.tifig ^iom w— nitroanilme 





N iNO^ 




Nitroanlinc 



The preparation of crc^ols involves a similar sequence and toluidmcs serve 
as the starting niateiial 



^««Toluidinc 


p— ctesol 


The displacement of nitrogen by the cyanide ton as well as by chloride and 
bromide ions ii known as the Sandmeyer rcocthn. This reaction offers a 
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C,H,N,+C1- 


CuCI 

C.HjCl 

CuBr 

► C*HjBr 


convenient method to prepare aryl halides An example is the conversion 
of o — chloroaniline to o— chlorohroraoben/cne. An added advantage of 
diazonium salts is that they serve to piovidc satisfactoiy methods for the 
synthesis of aryl iodides and fluorides. I he preparation of aryl fluorides by 
this method is often referred to as the 'ichiemum reaction. 





< — C hlorobromtv 
bcn/crK 


The Sandmeyer reaction occurs in two steps 

PhN^+ X- Cu^ ► Ph.-} X-+Cu*^ I 

Ph i CuXj ► PhX CuX 

X-Br or Cl 

In the first st<.p the substrate is leduccd by copper (1) ions and ihcsciond 
step involve-! a ligand tiansfer process leading to the puiduct 


o 




'V 


f il 

fn, CM) 

P“Tofaidjnc p f fuorotolucoc 

Mono — ^[oi|dtnttro~>benzenes can also be prepared from the^dlaroniura salts. 


NM» 

ri. 


ijdCi* 


«i<«N0]f/MCl 


HOZ 





>Cu 


NO/ 


0 


/>~Nitroaniline 


g—Dinitrobeturene 
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Nitrogen can be replaced by a hydrogen atom using bypophosphoric acid, 
HtPOg to produce a hydrocarbon. 

2. Coupling Reactions : If phenols or aromatic amines are added to an 
alkaline or neutral solution of a diazonium salt, a coupling reaction takes 
place in which the diazo group (~ N^N - ) is retained and the products 
are azo compounds. The aromatic ring undergoing attack by the dia/onium 
Ion must contain a strong electron — releasing group such as — OH, — Nil*, 
- N(CH,)8. etc. 


I-— — rr: — “ ♦ C*«I5 ^-Ol 






MtKi 

p . Hydr OJt 


< jTX 

c iM, N-* -C y NH? 

p*Amtnca2obenzene 


Ch) 

‘Ch3 


Bcn/cncdia/onmm 

chloride 




p — Dimcthylaminoazobenzene 





Ucn/cnedia/.uniuni 

chloride 


Ucnzcncazo-^-naphihol 


The reaction is a kind of electrophilic aromatic substitution and coupling 
takes place para to the — OH or — NH. group unless this position is 
blocked. The u/o compounds are usually colored (oiange, red or >eUovi) 
and the reaction is used in the detection of primary aromatic amines. The 
products are useful dye-stull's. 

3. Reduction'. A diazonium salt is reduced (SnCyHCl), Zn dust/aceilc 
acid, stannous chloridc/HCI or sodium bisulhte to form aryl hydta/ines. 


4 [HI 

C,H»Nj,+ Cl- V 

Bcnzenedia/onium 

ehlonde 


C,H*NHNH.4 HCl 
Phenyl hydrazine 
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4. ArYiationx Uns}fmoietrical biphenyls may be obtained by arylation of 
a diazonium salt. The salt is made basic and the resulting solution is stirred 
in the presence of an aromatic hydrocarbon. 


Amiine 


NaNO,/HCl NaOH, 

C,U,Na+ Cl- C,H,C,H4CH, 

4*M«thylWpbeoyl 


The reaction probably involves a free radical mechanism and the driving 
force for the reaction is the evolution of nitrogen I be above compound 
can also be prepared by diazoti/ation ofp— toluidine and subsequent reac- 
tion with benzene 



/)_Toluidinc 4— Vfclh>ll>iphcn>l 


5 Formation of Thiophenoh . Reaction of a diazonium salt with potas- 
sium ethyl xanthate and subsequent hydiolysis and acidificalion of potas- 
sium thiopbenoiate yields a thiophenol. 


S S 

C.H8N,+ HSO*-+C,HaOCS-K+ ^ Qlf^SroC.Hj 

KOH/H>dfol. H+ 11,0 

(’jHsOif . CO.S , C,if4S-K+ — - 

6. Formation of Diazoatc^ and Isodiazoates Diazonium salts are trans- 
formed into diazoate anion on treatment with aqueous base 

r 4- OH OH- 

[ArNaNo »-ArN NjlrzZ+ArN NOH <=5 ArN«NO- 

n-— l^iazoate aaion 

In an initial step the hydroxide ion attacks the diazonium dation to give 
a diazohydroxide. This being very unstable reacts with a secoltd hydroxide 
ion to give the dhuoate anion. 

The n—diazoates on mixing with a strong base and heating isomeri/e to 
the more stable isodiazoates. Like the oximes, the diazoatcs also display 
foometrie isomerism. 
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N .N 

Ar 0"*Na*** 

Syn-diazoatc 


Ar 

\ 

N=.N 

'^0”Na+ 

Anli-iliai»>atc 


21.13 DYES AND DY£1N(; 

Many organic compounds are colored but all of them cannot be u&ed as 
dyes. Dyes are coloring materials that can bind to the fabric or cloth they 
are applied to and are fast to washing and light. I or a colored substance to 
qualify as a dye, it should contain certain types of groups which are res- 
ponsible for color, such groups are called chromopkores. In addition, the 
substances must also contain groups that make them stick to the fabric. 
These are salt forming groups such as — — COOH, — SO5H, etc , 
and are called auxoihromes. Moreover, certain groups are responsible for 
intensifying the colors and arc Known as bath '•chromes. Dves are substan- 
tially used in the textile, food, paper, plastic and leather industries. Dyes 
could be either natural or synthetic, the latter types are much more im- 
portant nowadays. 


21.14 CLASSIFICATION OF DYES 
Principal classes of dyes are the following 

21.14.1 A^o dyes 21.14.4 Fluorescein (Phthalcin) dyes 

21.14.2 Triphcnylmcthane d>es 2114 5 A/ine dycs 

21.14.3 Vat dyes 21 14.6 Mordant dyes 

21141 AzoDyes 

The azo dyes arc not found in the natural materials but are instead synthe- 
sized from diazonium salts. They constitute the largest class of chemical 
dyestuffs. These are characterized by the presence of the diozo group. In 
addition they contain one or more functional groups which make them ilx 
to the fabric and also intensify their color. 

Some of the common azo dyes arc given below 


Congo Red 

It is obtained by coupling diazotized benzidine with naphthionic acid 
Since the p— position of naphthionic acid is blocked, coupling takes place 
at the position ortho to the amino group. 


-00 


NMJ W«NO^ZHa^ -t,»^,*. 


<X> 


>4ci 


neii/idine 
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Congo red 


It functions as a direct dye for cotton cloth and is also used as an indicator 
Methyl Orange 

Diazotized sulfanilic acid is coupled with N,N — dimctbylaoitine to obtain 
this dye. 






; 


c« 


Sulfaodtc acid Nfeth\l or<tngc 

It is employed as an indicator being orange in alkaline solution and red in 
acid solution 


Methyl Red 

Anthraniiic acid is diazoti/cd and (hen condensed ^\itb N,N — dinutbylaniline 
to obtain methyl red. 



Anthraniiic Methyl red 

dCid 


It Is used as an tndK'ator 


Bismank Broinn 

It is admixture of two dyes (1) and (II) obtained b> the cxccMUve dia/otiza- 
tioa of m— phcnyleoediammc and coupling with m -phc|iyknediamioc 



it^o-Pheayfeoedianuiie 
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m-Pheoyleocdiamine 



(ii) 

itself. It is used in shoe polishes and acts as a direct dye for dry wood. 
21.14.2 Fittorescein Dyes 

These dyes are derived from the condensation of phtbahe anhydride with 
phenolic compounds 

Fluorescein 

It is obtained by the condensation of phthahe anhydride with resorcinol in 
the p.e ence of anhydrous ZnCi,. 



Phthdlic anlodnUe Resorcinol 


FJuorcsccin 


It is a rod powder, miscible with water. It is used m organic qualitative 
analysis 


Eosin 

Broroination of tluorcsccin leads to cosin. 



lujsin 
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21. 14 3 'nripfaMiyliiiediaM Dyes 

These are derived from the parent substance triphcnylmethane and are 
obtained by the introduction of — NH*. —NRj and —OH groups into the 
rings of triphenylroetbane 

Rosambne or Puschine 

It is obtained according to the following sthemt 



fusthiHt 

This d>cs IS decolorized by sulfur diovidc to give what is known as the 
Si fuff's reagent The pink color is restored when shaken with an aldehyde 
It dyes wood and silk 

Brilliant Gretn 

Bcnzaldehyde is condensed with N.N'dictbylamine to obtain the /eio-basc 
first, the dye is obtaineit by subsequent oxidation 





K,N— dielhylamine /tve— Base 


Benzaidehydt 
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r ^iC2^Z 


Brilliant green 


Besides Its usefulness as a dye, it is also used as a powerful antiseptic 
CryUal Vioh / 

It is prepared from Michicr’s ketone and N,N-dimethylaniline as follows. 


i€*V, 


■ O'"-. 


+ HC14CO, 




MichIcrS ketone 


Cr>st(il Molet 


Malachite Oreen 

It is obtained by condensing benzaldchyde with N.N-dimcthylanihne in 
much the same >\ay as brilliant green 




MalaAile green 
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21.14.4 AiiMDyes 
Methylene Blue 



It is a derivative of tbiazine and is used as «i bacteriological stain 
21.14.5 Vat Dyes 

These are water insoluble colored compounds. 

Indigo 

Indigo IS the oldest dye used by man. It is present in the indigo plant not as 
such but as the compound indican a, p-glucosidc which yields glucose and 
indoxyl an hydrolysis Then later on oxidation by air gives indigo It is 
synthesized nowadyas rather than isolated fioin plants It is obtained from 
anthraoilic acid in the following steps: 



Anthranilic acid 




Reduced (laevo) form; 
colorless but soluble 
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21.U.6 MordwtDyes 

Certain dyes are incapable of dyeing the fabric directly but can produce 
fast colors with the aid of agents kgiown as mordants. Such dyes are referred 
to as mordant dyes. The mordants often include metal ions such as aluminum, 
iron or chromium. Alizarin and other anthraquinone dyes are important 
examples of this class 

Alizarin 


Anthra<iuinonc 




Ali/ann mordanted with Al^ 

Jt IS used as a dye for wool and cotton. 

21 15 NITRO COMPOUNDS 

Among the nitto compounds, nitroaikancs arc rare whereas the aromatic 
nitro compounds are common because the latter can be prepared by nitrating 
^ben/ene or its dciivalives. Nitration of para/hn hydrocarbons, on the other 
hand, yields a mixture of products and the desired product is obtained only 
in a poor yield. 

Nitr«>alkcnes or nitrop.iralhns display tautomcrism and, the two struc- 
tures differ in the position of a mobile hydrogen atom. The methyl or the 
methylene hydrogens arc acidic due to the presence of electron-withdrawing 
nitro group. The first form is known as nitro (or pseudo acid form) and the 
second as the aci-form 


RCH.N 


()* 

/ 


V 


o 


o- 

\h 

^e/-form 


RCH= 


Nitro form 

The aeZ-form can readily tautomcri/c to the «rtro-form. 
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The nitroparafiias are named as the nitro — derivatives of the correspond- 
ing paraffins. The position of the nitro group is indicated by a numeral. 

CHjNOj Nitromethane 

CHgCHCH,CH» 2~Nitrobutanc 

NO* 

Among the nitriles only two of them, namely cthyl-and amyl-nitriic seer 
to be of any importance. 


21.16 PREPARATION OF NITRO COMPOUNDS 

I. Nitroalkancs may be prepared by direct nitration with nitric acid of 
aliphatic hydrocarbons. 

RH+HNO* ► RNO»+HsO 


2 A nitrite anion when ustd as. a nucleophile can form two products 
because either o.\ygen or nitrogen may become linked to the substrate. Such 
anions that can react at two different sites are called amhiJent ions. Nucleo- 
philic attack bs nitrite ion on an alk}! halide jiclds two products, namely 
nitroalkancs and alkyl nitriles The foimcr product predominates 


CH*(CH,),Br.l-Ag^6-;N 
Propyl bromide 


O 


N'-alkvIdtion 


O- 


cthtr 




Ctl'tl 


/ 

CH.CU^CH^N 

\ 

O 

l-Nitiopropanc 

CH/ H,CH*ON='<) 
«-Propyl nitrite 


Secondary halides often give more nitrite ester than nitroalkanc, and tertiary 
halit W give almost exclusively 0~ alkylation, i.e , nitrite estci along with 
some dimination product 


Lth«r 

(CH*),CC1+Ag*0-N«0 ► {CH,^,CON() 

r — Butyl chloride • -Butyl nitrite 

(«ro) ^ 

-\ (CH,),C NO^-f (CH,),C CH* , AgCl 

2 — Methyl — 2— nifropropane 
(trace) 

.1. Ethyl— and amyi— oitntes may be obtained by the action of nitrous 
acid on the corresponding alcohols. 

C,H*OH-f-HONO C,H,ON -O } H,0 

C,HuOH -f-HONO ► C,HmON ^0+ H,0 
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4. Nitrobenzene and its derivatives are prepared in the laboratory by 
the direct nitration of aromatic hydrocarbons. The nitrating agent of choice 
is a mixture of cone, nitric acid and sulfuric acid. Cone, nitric acid alone 
is a poor nitrating agent. 

cone H,S 04 

C,H, ' HNOa ^ C.H^NO.+ H.O 

so_.5<°r 


Mechanism 


H—O— NO, I HOSO,H 


H— O— NO, I HSO- 
H 


H~0— NO,+ 
H 


NO+fH,0+ ^HSO^ 



HSOi 



4 “ M2SO4 


The nitronium ion reacts with the bcn/cnc ring by attacking the rc-cIoud and 
forming an arenium ion This ion subsequently loses a proton to a base such 
as HSOf and yields nitrobenzene. If the temperature is raised then di — and 
ft — nitrated products are obtained 

20 17 REACTlOxNS OF NITRO COMPOUNDS 

1 . RedncHou: One of the most important reaction of this claiis of com* 
pounds is reduction. Nitroalkancs are reduced 10 amines, 

Sn HCI 

C,H,NOa+6[Hl ► C,H,NH,+2H,0 

Mkyl nitrites, on the other band, give the corresponding alcohols. 

Sn/HCl 

C,H,ONO i*4{H] >* CjHjOH+NHjOH 

This reaction distinguishes between these two classes of compounds. 

Nitrobenzene gives different products depending on the reducing agent 
and the medium employed. 
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a. Acid Medium : With stanaons chloride and cone, hydrochloric acid, 
aniline is formed from nitrobenzene through a series of two — electron step 
mechanism. 



b. Neutral Medium: In a neutral medium, i e., Zn In aqueous NH«C1, 
the reduction takes place upto the bydroxylamine stage. 

Zn, aq NHa I 

CjHjNO* ► QHjNHOH 

62 - 68 % 

This hydroxylamine on treatment with an acid undergoes rearrangement 
to a p— .aminophenol. 



Phenyl h>Urox>1aminc /> - Annnophenoi 

c. Ba^ic Midium: Bimolecular compounds arc obtained on reduction 
of nitroben/enc in alkaline medium 
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All of products are reduced to aniline in acidic conditions. 

2. Nitration : Further nitration of nitrobenzene is considerably more 
difficult because the — NOj group is an electron-withdrawing group and 
thus deactivates the ring towards electrophilic attack. However, using con- 
centrated acids and higher temperature, dinitiobenzcnc may be obtained 
in 92% yield. 



.3. Nitroalkanes and alkyl nitrites may further be distinguished by the 
reaction with nitrous acid. A nitioalkane forms nitrolic acid white the alkyl 
nitrite undergoes no reaction. 


HNOj 

RCHjNOj ► RC=NOH 

NO, 

Nitrolk acid 


JINO, 

RON - O No reaction 

21.18 HYDRAZO compounds 

Hjdra/o compounds as a class arc colorless anu .ire less impoitant than 
the aao compounds which are colored. Such compounds can be obtained 
by mild reduction (Zn'NaOH) of azo compounds 



A/oben/eiic (Orange-red) Ifvdra/obenzenc (Colotlcs') 

Symmetrical compounds, as we have ccn. can be prepared by direct reduc- 
tion (Zn/NaOH) of a nitro compound. 

Hydroazoben/ene undergo a rearrangement in strongly acidic solution to 
4,4'—dlaffliool)iphenyl, commonly called as benzidine. The reaction is, thus, 
known as the hemidlne rearrangement. 

The mechanism involves the diprotonated salt, formation of a bond 
between the para positions of the two rings and dmultaneous breaking of 
the N— N bond. 
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If a mixture of two hydra/obcn/encs are heated in acnl, oolv tsvo ben- 
zidines arc formed <?nd no cro$h-pn>duct loults, This shows that the 
reaction must be Intramolecular Ben/idinc is an important intirincdwto 
used, for example, to make direct cotton d\cs 


QUESTIONS 

21.1 Name the following compounds . 
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21.2 


CH, 

c CH,OCH,CH,CH, 

Cl 

(I. HjNCHjCH^rnCH.^ 

N 

Cl 

e. H^NCHjCHjOH 





i 



HjCOOm 


CH, 


CH»«CHN 


\ 


CH, 


1 HOCHjCHjCHal/ 

\ui 

DIscum the batictty of cyclohejtylaminc and aniline. 
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21.3 Make the following conversions. 

a . ISO— Butyric acid to isohutylaminc 

b . Nitrobenzene to benzoic acid 

c. Aniline to p-bromoaniline 

d . Ethylamine to ethyl alcohol 

e. N,N— Dimethyl— 4— pentcne to 1,4— pentadicnc 

f. Aniline to s — tribromoanilinc 

g. Propene to isopropylaniinc 

h . Ethyl chloride to n — propylamine 

i. Aniline to sulfanilamide 

j. C>clohcxanone to c)clohe\ylainlnc 

21.4 Describe the reactions of /i-butylamine with each of the following. 

a. Benzenesulfonyl chloride A NaOll 

b. Acetyl chloride 

c. Excess methyl bromide, then Ag,0 and heal 

d. Nitrous acid 

e. H,S 04 

f. Dll NaOH 

g. Chlorobenzene 

h. Ethylene oxide 

21 .5 Is CINH, a stronger or weaker base than ammonia/ Discuss 

21 .6 Write the structiiral formulas and names for all the amines of the 
formula C 4 H 11 N. 

21.7 How will you proceed to separate a mixture consisting of 
a. o — toluidine. toluene and p -chlorotoluene; 
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21.8 Write equations for the reaction of benzenediazonium sulfate with 
the followiflg reagents: 

a. CuCl 

b. H,PO, 

c. KI 

d. p — Cresoi 
c. CuCN 

f. Hot dil HtS 04 

g. HF.BF, 

h. m~PhenyIenediamme 

21.9 Offer explanations for the following observations: 

a • Methylethyl n — propylamine cannot be resolved into its optical 
isomers. 

b. Methyl alcohol is less basic than methyiaminc. 

c. Dimethylamine is more basic than trimethylaminc. 

u ■ The sulfonamide of a secondary amine is insoluble in NaOH. 
c. Acetanilide reacts with bromine moderately than docs aniline. 

f . The reaction of nitrous acid with a secondary amine stops at 
the nitrosamine stage. 

g. It is not desirable to nitrate aniline directly to prepare 
nitroanilines. 

21.10 What product(s) would be obtained from each when subjected to 
Hofmann degradation? 
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21.11 What products would be obtained by the reddctioo of: 

a. Methyl cyanide 

b. w—Propyl c^-anide 

c. Methyl i5o— -cyanide 

d. fjo-— Propyl iro—cyanidc 

21.12 Show how would you distinguish between the following pairs: 

a. Aniline and cyclohexylamine 

b. Propylamine and Melhyletbylaminc 

c. Aniline and acetanilide 

d. Aniline hydrochloride and o-chlorouniliac 

c. N-Mcthylaiiiline and toluidine 

f. 2 , 4, 6-Trinitroaniiine and o-toluidinc 

g. Aniline and phenol 

21 . 13 An unknown amine undergoes no reaction with nitrous acid. Its 
hydrochloride contains 32.4*’, of chlorine What are the names and 
the structure of the amine? 

21.14 Anunknownaminc A withbcnzene8ulfon>l chloride yields a deriva- 
tive which dissolves m alkali. Compound A on reaction with nitrous 
acid gives an alcohol B which icsponds to the haloform reaction. 
H}drocbloride of A contains 37.2 of chhirine Write structures 
of A and B. 

21.15 Bring out the differences in the properties of amines and amides 

21 .16 An aromatic compound contains 69.4“,', carbon and 5. 8'’„ hydrogen. 
A sample of 0.303 g of this compound was analyzed for nitrogen 
by the kjcldabi’s method. The ammonia evolved was absorbed in 
50 ml of 0.5 M sulfuik acid. The excess acid required 25 ml of 0. 1 M 
sodium hydroxide for neutralization. Determine the molecular 
formula of the compound if its molecular weight is 121 * 

21.17 Write a short note on azo dyes. 

21 . 18 Give the preparation and uses of the following. 

a . Muoresoein b Congo red c Malachite green 

d. Methyl orange c< Bismarck brown f. Rosfwiline. 

21.19 What is meant by diazoti/ation? Describe the metho^ used for the 
laboratory preparation of ben/caediazooium sulfate. Explain, giving 
examines what happens when benzenediazonium ehpridc is made 
to react wltb: 

a. NaNOt and Cu powder 

b. Stannous ditoride dissolved in cone. HCI 
6 . Aqueous sofution of Kf 
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21.20 Outline tlie HiethoUs for the preparation of aliphatic primary 
amines. How are 1®, 2*f 3® amines distinguished and separated 
from one another? 

21 .21 Describe the preparation ofphenylhydrazinc. How can you convert 
it into: 

a. Aniline 

b. Antipyrine 

21.22 a. How is aniline prepared on a large scale? 

b. What products are obtained when nitrobenzene b reduced 
under different conditions? Give the necessary equations. 

21.2.' Define prim.uy, secondars and tertiary amines. How aic thc> dis- 
tinguished and separated from a mixture. By suitable examples give 
the important features which influence the basic strengths of organic 
bases. 

21.24 Why are amines more basic than alcohols'^ 

21.25 a. What is the dta/o reaction? How is the aqueous solution of 

benzenedia/onium chloride obtained? 
b How will you convert benvenediazonium chloride into (ar 
ben/cne, (b) ben/.oic acid, (c) phenyl hydrazine. 

21.26 An organic compound tVfaUA) reacts with silver nitrite to give 
mostly (''4H.,0,N(U) Compound B docs not dissolve in alkali and 
also has no reaction with nitrous acid. Reduction of B. gives 
another compound C, which can also be obtained from A and 
potassium phthalimidc Compound t\ n.icis with nitrous acid to 
give a tertiary alcohol C 4 lf,/)(D>. Identify the compounds A, B, 
C and D stating the reaction involved. 

21.27 How do >ou account for the effect of substituents on the basicity 
of aromatic amines? 

2] .28 How is benzenediazontum chloride prepared? Discuss its synthetic' 
importance. 

21 . 29 Describe the prepaiation and uses of phenolphthalcin and malachite 
green. 

21.30 What are amines? How may primary, secondary and tertiary 
ainioes be separated? Give the structural formulae ami names of 
isomeric amines of molecular formula CtHuN. 

21.31 Give the reaction of HNOg with the following: 

a. aniline b. N — methylamino c. N, N — dimethytamme 
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21.32 Consider : o-»toluidme, ethytamine, butylamine and pentametbylene 
diamine. 

a . Which would be made by reduction of butanonitrile? 

b. Which would react with HCI in the ratio of one mole of the 
compound and two moles of HCt? 

c. Which would be converted into a diazonium salt? 

d. Which would be among the products of the reaction of 
chloroethaoe and ammonia? 

21.33 Which of the two amines. N,N— dimethylanilinc or 2. 6~dimcthyU 
anitine will couple with benzene dia/onium chloride? Give reasons 
for your answer. 



22 

Organometallic Compounds 


OrganometaKic compounds aic those in which a mctaJ atom is linked 
directly to an otganic radical, R— M. Such bonds have a high degree of 
ionic character R*“ M*+ because metals are electropositive in nature and 
the carbon atom is suiBcicntly electronegative. This class of compounds is 
named by prefixing the name of the metal with the organic radical and the 
name is written as one word. Some examples aic listed below : 


(CH,),A1 

Melhyllithium 1 rimethylaluminum 


rc(ramctii>lsihi.on 


(C',H.),Cd 

Oicthylcadmiuni 


(CHjCH^jZd 

Diethyizmc 

QH^Li 

Phcnyilithmm 


1 rietb>icarbon 

(C,H,),CNa 

Triphaayfsodium 


In compounds of the type RMgX, known as Grignard reagents, the valencies 
of the metal arc not ail used in bonding to caibon but include bonds to 
some inorganic atoms also. The compounds are named as organic deriva- 
tives of the corresponding inorganic salts. 

CHjMgBr C.HsMgCI C,H,MgBr C.HjCH^gCl 

►Mcth>Imagiicsiuin I thylmagncsium Phen>lina*nesium Benzylmagnesium 

bromide chtor.de bromide chloride 

Most of the organometallic compounds arc liquids and soluble in organic 
solvents. They react readily with moisture and oxygen. Great care is, there- 
fore, needed while working with these substances. Many of these compounds 
are normally not purified but arc prepated and used as such in solution, 
in organic synthesis. 

22 1 GRIGNARD REAGENTS 

Organometallic compounds with the genera! formula, RMgX, arc known as 
Gngnard reagents after Victor Grignard, a Nobel prize winner (1912) in 
cbemist^. These rebuts are highly reactive and have proved to be of 
grew utiliy in organic ^thesis. Grignard reagents can be prepared con- 
veniently 10 the apparatus shown in Fig. 22 1. It consists of a three'iiccked 
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flask equipped with a mechanical stirror, an efficient water condenbcr and 
a dropping funnel. 



fig. 22.1 Assembly fur Grignanl rcaciton 

The reaction is usually carried out l>> titating magnesium tur'iings with 
an organic halide in ether 

Ur> cihci 

RX f Mg >■ RMgX 

where R is an alkyl or aryl radical and X may be ( t, Br or 1 

The organomagnesium halide is formed by inseition of magnesium 
between carbon and the halogen. The alkyl halide may be primary or 
secondary while tertiary ones arc less soluble because of steiic and tleurvmic 
considerations. The R group should not contain a group bearing an active 
hydrogen atom such as - CXX)H, Cb^CH. Olf, NH*, etc I be 
reactivity among the halides follows the order. RI > RBr > RCl, but 
chlorides are normally used because of their easy availability. Organo- 
magnesium fluorides arc not known yet. 

2Z2 STRUCTURE OF GRIGNARD REAGENTS 
The structure of Grignard reagent has been a subject of much investigation 
by various groups of workers. Grignard himself suggesttd that the reagent 
could be repreteoted as RMgX. Subsequently it was! believed that the 
dhneric structure shown below is the most important whsh is in equilibrium 
with dialkylmagoesiuffl compound and magnesium dtba]|de. 

xssx=i RMn MqR 

V / 

X 


jRMgX MgX2 
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X-ray diffraction atudies have revealed that the two ether molecules arc also 
ti^tly bound to magnesium in RMgX. 


0(C,H»)* 

R -Mg-X 
• 1 ' 

22.3 REACTIONS OF GRIGNARD REAGENTS 
Grignard reagents are colorless and non-stable solids. These are prepared 
fresh for each synthesis and are not isolated but used as such in ethereal solu- 
tion. The reagents contain a carbon magnesium bond. Since magnesium has u 
very low electronegativity, the caibon atom bonded to it bas a high concen- 
tration of negative charge, i.c.. CH,CH 2 ~MgBi*+ . Because of this negative 
charge, the carbon atom has a high affinity for hydrogen and will react 
even with weak acids such aa water, ammonia, phenols and carboxylic 
acids. Grignard reagents are not only strong bases, but are also powerful 
.'.ucleophiics. These reagents arc important intermediates in organic 
syntheses. 

1. Reaction vith Water: Water reacts readily with Grignard reagents 
and thus provide an excellent method for the preparation of certain 
hydrocarbons. 


C’,HjMgBr-!-HOH ► C,H«-iMgOHBi 



MgCi -h HOH 


♦ 


MgOHCl 



+ HOH 


I I -b MgOHCl 


The reagents similarly react with alcohols and acids. With deuterium 
oxide (D,0), a hydrocarbon v ontaining a deuterium atom is formed. 

CH, CH* 

''s \ 

CHCHtMgBr-hD,0 CHCH.D 

/ / 

OH, CH, 

rro— -Butyl magnesium bromide 'Methyipropane— i — </ 
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This reaction is often used as a way to introduce deuterium into organic 
molecules. 


8i 



Ur 





/>— Dibromobenzene 


p —Bromobenrene — rf 


2. Reaction with Oxygen-. Grignard rcagcnto react with molecular oxygen 
at low temperature to form hydroperoxides, or compounds containing the 
— O—O — H bond. Oxygen molecules contain two unpaired electrons 
which become paired during the first rcactum. 

ether 

(CH,),CMgCl+:0— O: ► (CH,)aCOO“Mg*+Cl- 

•• '• ■.-70®C 


tICI 

► (C»aV'OOH + MgCI, 

f- -Butyl h><lroper»-'\idc 

If an excess of Gtignard reagent is present, then it leacis with the 
hydroperoxide intermediate to form alcohol. 


C6H5CH2MgBr + 0 0 


clhar ^ * 

CgH^CH^-O-OMgBf 


■h 

CsHsCHj 




HCl 

2CaH,CHaOMgBr ► C,H,CH,OH+MgBrCI 

3. React Um with Carbonyl Compounds and Ethylene Oxide: Grignard 
reagents readily add on to a carbonyl group because of we polar nature of 
the xeagmit. Using appropriate carbonyl compounds the areaclion is useful 
for the preparation of alcohols. In each case, magne^um is transferred 
from carbon to a more jj^setronegative element. 

1*. A primary alool^ Is obtained reacting a Ori^ard reagent with 
formaklehyde or etbyleoU oxide with subsequent hydrolysis. In the case of 
ethylene oxide, (oxirane), the carbon chain in the product h extended by 
two caibon atoms. 
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HCHO+RMgX 


OMsX 


)l 


H+/H.0 

> RCH,OH+MgOHX 


fV 


RCHzCMjOMqi RCm^TmjOh + MqOMX 


Because of the large angle strain in the small oxirane ring causes it to 
portray carbonyl group characteristic. 

2*. A secondary alcohol results on addition of a Grignard reagent to 
an aldehyde^ other than formaldehyde. 


rH,CHO+RMgX 


OMgX 
i H+,H,0 
CHa--C-H »• 


R 


CH,-CHOH+MgOHX 

I 

R 


3*. A tertiaiy alcohol is obtained on addition of a Grignard reagent to 
a ketone. 


H/HgO c^cCH3-t- M9OMX 



OpMger* 

‘C^Mj H^K^O 



M 90 M 



I) THF 
11 } 



sCH^ 


1— -Vinyl — 1 —decalol 


The groups in the above reactions can be varied as desiitd. 

4. Reaction with Esters and Acyl Chlorides'. Both these reagents usually 
combine with two moles of Grignard reagent to give a tertiary alcohol as 
the final product. The intermediate complex is unstable and decomposes 
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rapidly to form ketone a initially. This combines again with a seemid mole 
of Grignard reagent to form an alcohol. Grignard reagents arc more reac- 
tive towards ketones than esters and acid chlorides 


G 

CH3-C OC2H5 -t RM^X 


OMgX 0 

^ CH3rC-OC2Hs.cp;;p5^ CHj-C-R 


CH 


t) RMgX 

» CM,-C-R ♦ MgOHX 

hIHVMjO ^ ‘ 


G k-k- 

CHj -C Cl 


MgXCl 


0 9 ^ 

CH3i-R -^CH3-U 


OH 


^ ^'gOHx 


OH 

HjC 4tCjHs», 


G ? 

Q'-?^ (J O* 


MgOHIr 


5 Reaction with ortho Lstef Both aliphatic and aromatic Giignaid 
reagents react with the orthrr esters to vivid the coi re* ponding aldehydes 


Cl 


vjt I 



Mg 


ether 

CHj CHj 

r— Chlofotoluene 



Aldehydes may also be p.*eparcd from Grignard reagent by treatment 
with N, N—dimcthyl formamWe and subsequent hydrolysis of the complex 
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O 

U 

HC— N(Cfr3)j, THF 
CrtHjMgBr ► 

o--20“r 


OMgBr 

\i 


HCI. HjO 

CflHjCHO 


6. Reaction with Nitriles'. A useful ketone synthesis consists of additing 
of a Grignard reagent to a nitrile group followed by hydrolysis, of the 
resulting aldiniine. 


C„H5Cs--N-|.RMgX 


C,HjC-NMgX y C,K5C==NH+MgOHX 


tt.O 

CJ!sC---.0+NH 




t 


R can be varied as desired. 

7 . /icetylcnii Exchange: Since an acetylenic hydrogen is acidic, a Ong- 
nard icagent reacts with it to give a hydrcKarbon and an alkynyl Grignard 
reagent. 


tV-r5<- SGH-;-(’H»rH,MgBr CH,CH, t CsHsCaCNlgBr 

The resulting reagent can react with other organic compounds and thus 
offers ii method for lengthening the carbon chain. 

ether 11,0' 

CaHsC'--CMgBr-|-CH,CH,C HO QH5C -CCHCHXHa 

I 

OH 

8, Carbonation: Aromatic carbo.xylic acids can be prepared by carbona- 
tion of a Grignard reagent followed by hydrolysis. Solid carbon dioxide, 
commonly kncswn as dry ice is employed for this purpose. Carbon dioxide 
can be solidified under pressure at - TS'^C. In the above reaction the 
carboxyl group of carbon <1ioxide is subject to nucleophilic attack by 
Grignard reagents. 


(J 0 

CgHjC -0Mg9f C^jCOOH ♦ MgOHBf 
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Wi (l)CO, 

(CHs),CCl (CH,),CMgCI ► (CHa),CrOOH 

(h) H,0+ 

9. JReaction with Sulfur Dw\ide: Sulfur dioxide is a good elcctiophihc 
and reacts with Grignard reagents to form magnesium sulflnatcs which 
on acid hydrolysis give svifinic acids. 

^ ~ - 'i -OMgSr . » CHj CH^Ij So* 

1 — Butanesttliinic 
atid 

10. Reaction with Silicon Tetrachloride : A Grignard icagent rtacts 
with silicon tetrachloride and the product on hydrolysis forms silicon 
polymer. 

2RMgX-«-SiCI. R,SiCl,4-2AfgXri 

Djchloro 
dialkvl silitnc 

R R 

I 

R,Sia,+H,0 ► —Si O -Si* 

R R 

Silicon polvmci 

These polymers arc uacd as high tempeuiture lubneants m |H)lishcs and m 
automobiles 

11. Reaitwn with Phosphorus Trichloildc A liialk>l phosphine is 
obtained on reacting a Grignard reagent with PCI , 

3CH,MgC14-PCl, ► (CH,),P+3Mgn, 

Mcthylmagnesium Tnmclhvl- 

iiromide phosphine 

12. Coupling Reaction: A Grignard reagent icagts with silver bio 
midc to give a high yield of the coupled products 



. BeazyloMiaenain bromide 


1 , 2 *>D]plienyiethaoe 
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The reaction probably proceeds through a free radical pathway. Coupling 
also takes place by the addition of cobaltous chloride to a Grignatd re- 
agent. Ft is also considered to proceed through a free radical pathway. 

(.oClj 

2 RMgX ► RR 

13. Reaction with Cadmium Chloride: A Grignard reagent readily 
reacts with cadmium chloride to form the heavy metal derivative, i.c., an 
^orgamK.idmium compound and magnesium chloiide 

cfher 

2Clf,CH.CH,MgCl . CdCI, -v (CHaCHjCIWd f2MgCI; 

Ihc orgiinocadmiuni reagents are sufReiently nutleophiliv, to react with 
acyl halides. Thus the reaction of an organocadraium with an ac\l halide 
is an important method for the preparation of ketones. 


O 

fCH,CH,C»,)3Cd4-2Cfl3COri -> 2CH»CH,CH,CCH,-fCdCI, 

prop>l ketone 

The cadmium reagents arc useful because they arc too unrcactive to 
add to the bj -product kettmc (as the Urignard reagent adds in the case of 
esters and acid chK)rulcs) and thus the reaction is stopped at the ketone 
stage. This procedure is aJsi) useful for the preparation of ketones contain- 
ing a NOi substituent on a ben/enc ring 



fthrr 

f 

0 

II 


OjN 



CH 


3 


preparing ketones involves a reaction between Grignard 
intermediate complex on acid 

hydrolysis yu-lds the ketone 
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O CH, 

II / 

CHa-C-N 

\ OMgBi 

CHj 

QH.MgBr CaHs-t* -N(CH,), 

6 ’o*c iirr I 

CM 

() 

Ht I, n,o li 

> C,H. C CH 

14 Isocyanates react with Grignaiil icagents tt» gi\e after hydiolyMs, 
N~subj>tituted amides 

() 

(i) ether 

(CHj).CHMgCl-i-QH,N C () C,HiNHCCH(CH,)s 

(.»> H* H,o 

rwi-Propslmagnesium (.hlomle lsnhui>ianilitle 


22.4 ORGANOUTHllfM COMPOUNDS 

Org.inolithium» possess the general formula R1 1 Because <»t ihe small si/c 
and high polan/ing power of lithium, oiganolithium compounds has e more 
ionic charactci than the Grignaid reagents fhes aic icadily soluble in 
paraBin solvents 

Preparation 

1 Alkyllithium derisatises can be prepared b> ‘he intuiaction between 
an alLyl halide and lithium metal m dry ether which pi ovidcs a convenient 
medium in which' organomctallic compounds arc iisuallv soluble 

eUier 

C HjCH.CHjCH Br4 2Li ► CM ,C H,C H.C H,Li4-LiBi 

/»— Butvl bromide t — Hutyllithuini 

A solution of the organic halide in dry ether is added slowly to lithium 
wire The mixture is stiried at I0®C The resulting solution is used as it 
IS for further work. Other organolithium compounds can be piepared b> 
the same general method 

Organomctallic that cannot be icadily prepared directly from the metal 
and the halide can be obtained by metal-futlogtn mtetcann rston as illustrated 
below. 

RBu fii-Bul I ► R1 M «BuBr 


React tom 

Organolithiums are considerably stronger bases than Chcorganomagnesium 
compounds and are thus employed m the initiatiofi of many anionic re> 
arrangements 
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I, Reaction with Water: A hydrocarbon is evolved on treatment of 
an organolithium with water. It is thus essential to work with these 
reagents in the absence of moisture These reactions are nothing but acid 
base reactions 


C,Hj*-Li*'- ^ HOH ►C.H, Li+OH- 

(CH,),C‘-Li»N-CH/)H 1. (O? ),CH+Li+OCH 

I'Butyllithiuin 

2 (Sarbonation: Like the Orignard reagents, caibonation of organo- 
lithium leads to carboxylic acid 



3 Reaction Hith Carbon}! Compuumh Organolithium compounus 
are very leactise and powerful nucleophiles Thev give better >ieldsof 
alcohols from carbonyl compounds than the toriosponding Gngnaul 
reagents 


( It.l I H,0^ 

C«KjCHO C,TI,rHO Li^ C«H.CHOH 

CH <!:h, 

a— PhcnNlcthanot 

o C.Hj 

II C.H.Li J HaO+ 

C.H^CC.Hj C.Hs - C' O Li* h- (C,H.),C0H 

r npbenylmethanpl 

4. Witttg Rearrangement In this reaction alkvLbenzyl and related ethers 
aie convcited to carbinols in the presence of phenyl — or aikyliithium 


C CHjOCHjCj^S 


. ^chch,c,h. 

Wi- ^ ' s 

flhfr 


Dibenryl eihcr 


I — Diphenyl — I — ethanol 


Mechanism 

Phenyllithiam abstracts a proton to form a carbanion which undergoes 
rcarrangemv nt The intermediate on acidification forms a carbinol. 
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t.* 



5. Under appiopriate cimdition'. carboxjlic acids react with methyl* 
lithium to form methyl ketones m a better yield than the Orignard 
reagents. 

CgHj H CbHs H 

f/aiK— 2— Phcnvicscio- »■'»» 2-— PhcnvUsHo- 

fiopanc carK'v'lcc <i*.id pinpsl methil kctoin. 

22.5 ORG.kNOZINC COMPOl NDS 

Organo/inc compounds are lelatisely unstable and are not much used in 
preparative organic chemistrN 

Preparation 

1 Organo/int compounds, in gciieial, may be obtained by heating an 
alkyl halide with /me mct.il followed by distillation of the resultant alkyl- 

zinc halide 


2C,HiI -> 2CjHs7.nl ► Zn(r,H,), 

/nl, 

I tbyl iodide T>l«lh>l/ini. 


Ri act ions 

1. In addition to organomagnesium compounds, they are used in tlu 
preparation of ketones from acid chlorides. 

<) O 

8 il 

RCCl4C,H,Znl — ► RCCjHs t IZnCl 

2. The attacking reagent in methylene insertion into the corbon-carbon 
douUe bond occurs through an mganoaunc compound 
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V 

\\ 4- 

A 


CH2I2 Zn/Cu co uptg 


V 


►I ^CH2 

K 


+■ Znl2 


Au alkenc ^ t)c1opropanc‘ 

3. The Reformatsky Reaction : The Rcformatsk> reaction for the prepara- 
tion of hydroxy acids aUo proceeds through the formation of an organozinc 
compound 


ether (CH.,)>C o 

Zn-J-BrCHjCOOCjHg ► BrZnCH-COOCjHs — i ► 

OZnBi OH 

) IfH.OA I 

(CH,)4C--<^ HX(K)C jHj : ► ^CHsUCH.COOH-rQHiOll 

~{Zn(OH»Br) 

3 — Meth> 1 — 3 — h> di o- 
\> butyric acid 

A common side-teaction is the self-condensation of the a — ^halo ester 
during the zinc cnolate ion formation, which after hydrolysis yields a ^-keto 
ester. Organozinc reagents arc preferred to lithium or magnesium reagents 
because the latter cannot be prepared from esters. 

22.6 ORGANOSILICON COMPOUNDS 

Silicon is a non-metallic element, though ii has some metallic properties a-- 
well. It lies in the same group (IV) of the Periodic Table as carbon. Alkyl- 
silanes behave similarly to saturated hydrocarbons but the former arc 
thermally less stable. The alkylsilanes arc generally colorless oils. 

Preparation 

Alkylsilanes arc obtained by progiessively replacing the hydrogen atom 
from the simplest silicon hydride, SiH, (b.p. — 1I2®C) with alkyl groups. 

1. B> the action of Cirignard reagent on silicon tetrachloride 

RMgX RMgV RMgX RMgX 

SiCl* RSiCla R,SiCli ► RjSiCl ► R4S1 

Silicon Tctraalkvl 

tetrachloride tulane 

2. Diatkylzinc may be used in place of Grignard reagent in the 
preparation of organosilicon compounds. 
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SiCl4+2Zn(CH,)j ► SiCCH,), f 2ZnCI,, 

Alkyllitliiuins function similarly, and react with silicon halides. 

SiCl,-} 4C,H5Li (C«Hjy4Si i-4Lia 


Reactions 

1. The silicon-carbon bond is easily cleaved by electrophilic reagents 
even without the aid of a catalyst. 



SitCKjlj 




♦ iCH3)3SlBr 


2. Alkyl chloro silanes form Grignard reagents with magnesium which «)n 
carbonation yield acids. 

Mg Lih 

(CHsljSiCHXI (CH,)3SiCH.,MgC'l — 1-- 

M+ 

> (CHali,SiCH*C<X>H 

3. The silicon — carbon bond is also cleaved by nucleophilc.s. 


iCH3)3SiCH2-/ % +0H‘ * {CH3)3StOHfCH3 


4. The silicon— <arbon bond is resistant to oxidation, and is thus not 
affected by oxidizitig agents. 






5. (n marked contrast to carbon bridgehead halides, the silicon 
analogues react rapidly in nucleophilic displacement reactions. 
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6. I iimethylchlorosilanc lb employed foi the protci-Uon of d piimar\ 
alcohol It gr<jup 

C— ()H (CH,).SiCl— — C— OSi(C ip, 

I he sil>l ethei linkage is stable to most bas'f and neutral solutions but can 
be easil> cleaved by mild aqueous acid 

li li o 

-(’-OSitCH 1* — ^ — C~()H^(CH,iSiOH 

I I 

22 7 ORC.ANOBOR VNhS 

As was discussed in Cbaptct I , br>u)n is trivalent and forms predominant- 
(> cswalenl s/>‘ h>bridi/cd bind with other elements, such as boron 
trifluoridc BF, or trimcthylborane 

1 he Simplest hjdridc of boron is BH, which is not ctablc and cvists in a 
dimeric form, known as diborane. BjH* Dibcuanc is a gas and its solution 
in ether, Till- or digl>iie is emplosed for s>nthetic purposes. Higher 
hydrides arc stable. Oiganoboranes aie usually named as dcrivatises ot 
broanc. 

CgHjBCl, 

iripbeaylboranc 1 iieth>lboianc Phen>ldichloroboranc Dieth>la(ntnoborane 

Many boron-oxygen compounds derive ihcir names from boric acid B(OH)j, 
boronic acid etc. for instance, phenyl boronic acid C«IfjB(OH> 5 . 

Pi i-parution 

1. A useful method of ptep ng irialkylbonines is by the addition of 
BjjH, to alkenes or alkyncs. 

BH, tH-CH-CH, 

CH, ► CHjCH.CHjBH, ; 


(CH,C'H,CHj)iBK ^ (C n,(. Il.t H.>3B 

tfipropsItMjranc 



616 A Icxtbook of Orgdiuc Chemisti> 


This process is called h)ihob 0 ratwn. The tn'ron atom attaches to the caibon 
atom of the double bond having the larger iiumbci of hydrogens In othci 
words, addition follows the Maikownikoff’s lulc, boron is more electro- 
positive than hydrogen Mechanistically the addition takes place in a 
stereospecihe c/s-manner i c , bc>th boron and hydrogen add from the same 
side of the double bond. 

2. Fumt Hah^ or Alko\y bortmi.\. \ iiiv.ilciit boiaiie is elcctiophilic in 
naluie and is easily attacked by a caibaniong(.iii.ialcd liom organomctullic 
compounds of Mg, Li, Zn, etc.. 

BCl^l- 3RMg\ ^ BK , -f 3Mg\C I 

\ lrialk.>l 
tH>ranc 


Mono* or dialkyl-boraiics may be obtained by this method depending I'o the 
nature of X and R, and the icmpeiaturc of the reaction 

Tnalkyiboianes are colorless liquids with an odor ol onions I hey aie 
unstable to at mospheik ovjgcn. I iiphenylboraiH is fciativdy stable 

Rithtioii') 

Organoborancs have emerged as highh \eisatile intcrmcdiaUs m oigaiiic 
syntheses. Ihcsc reactions are quite different fioni those liuolving conven 
Itonal orgaiiomctallics such as the tirignard icagcnts The carlvm — boron 
bond IS highly covalent and can be cleased b\ a \arictv of teagents. 

1. Oxuiat'on: The boi on-carbim bond in liialkclborancs is clea\idb\ 
oxygen to form mono — or diaikt*xy — boianes 

o o 

UK, — R.BOR 1* RB(ORi 

2. Rifhim/ni'tb Lnoliih lotis Irialkylbi^ancs undergo reaction with 
an cnolatc ton with its resultant alkylation 


R 

R,B , K+ c HCTKX R— B CHCOCK .,H„ 

Br r Br 



R 

\ H+,ROH 

BCHCOOCJf, RCHjCOOC, H, , R.BOH 

/I 

R R 
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0 i2X 0.CH^COOCrt 

3. Oiganoborancs on oxidation with alkaline h>drogen peroxide yield 
alcohols 



^ [I + H38O3 

Oxidation of alkylbotancs with a strong oxidizing agent provides a ketone 



hoi the preparation ol‘aldch>des and ketones see Chapter 17. 

4. Alkslboianes undergo proionation with a carboxylic acid to yield a 
hydrocaibon. This provides a method for the reduction of carbon — eaibon 
double bond 

BiHs CHLCH,COOH 

C^H.CH-^CIf, > (C*H,CH8C1I^,B ► C^HsCHjCH, 

reflux 

5. Alkylboranes oftcr a method of picparing alkyl halides. An alkyl- 
boranc on treatment with mdinc m the presence of a base (CHsO'Na* 
CHjOH) yields an alkyl iodide 



Alkyl bromides can be obtained similarly by treating with bromine. 
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6. Preparation oji Alcohols'. Carbonylation of trialkylborancs and sub- 
sequent reactions with different reagents yields alcohols 


UAimoCHa), R.O2 

1* RaB+CO ► — ROH.,OM+ RjBOH 

NaOH 


R 

H,0 \ 

2“ RaBt CO CHOH RB(OH)a 

NaOH / 

R 


(25^(' H. 0 

3" R 3 B-I-CO R.,COH , B(OH), 

NaOH 


These reactions have complex mechanisms. 


7. Formation of AtUiiion Compomuiy. Because of the tcndcnc> of boron 
to accept a pijir (<f electrons from such atoms as N. C. O. etc . trialkyl- 
borancs form addition compounds. 


NH.. 


CH j 


CH, 


H,C— B- 


H3N— B— CH, 
CH, 


inr, 


; KOH 


K+ 


CH, • 

HO—li— CHj 

1 

Cifa . 


22.8 FERROCENES 

Ferrocencs arc rt—bunded organomctaliic complexes wi^ the following 
structure. This class of compounds was discovered in 1952- The it— electrons 
of ferrocene arc associated with both the 5 carbon atom rings and the iron 
atom. In ferrocene the carbon-iron bonding is a result of overlap bet- 
ween the inner lobes of the p-orbitaisof the cyclopcntadienyl anions and the 
'id orbitals of the iron atom. Since an iron atom is complexed between two 
flat cyclopentadicnc rings, such compounds are also known Atorganometallic 
sandwich compounds. They display aromatic character. The C— C bond 
distances arc all 1.40 A and C—Pe bond distances are all 2 04 A- Ferrocene 
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IS an orange doliii, m p 174°C- It contains I2n electrons and is a highly 
stable compound 

Prepitratkm 

1. The most convenient laboratory method for the preparation offerro- 
cenes is by reacting one equivalent of ferrous chloride with two equivalents 
of cydopentadienyl anion 


FeC(2 + 



( C5H5)2Fe«-2NoCI 


St<d. c>clopentadienidc terox-cne (Orange solid) 


Ri‘iu lions 

Ferrocene shows aromatic behavior and undergoes a number of reactions 
similar to those exhibited by many aromatic hydrocarbons 



Itfllllt 
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Fc 




Ftffocoof -1->( I *>m«thyitlhonol) 
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The discovery of ferrocene was followed by the preparation of a number 
of similar organometallic compounds. These compounds, as a class are call- 
ed mefaUocenes Metallocenes with five to eight membcied rings have been 
synthesized containing metals such as cobalt manganese nickel uranium, 
etc 


QUESTIONS 

22 1 Methylmagncsium bromide is combined with ca(.h of the following 
compounds and then with watei What products aie obtained m 
each case? 

a IlBrfdrj) 

O 

II 

o CH,CC1 


c C11,CH,( \ 


d H*C() 


C.HsCHC.-CH 



O 

f OH-COCir 
g C.HsOH 


b 
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22 >2 Suggest mechanisms for the following reactions: 


a. C,H,OCH,CH,MgBr ► C,H*0"+H,C=CHj 

-MgBr*- 

b. (CHjijSiCHjCHsCl+OH- (CH,)„SiOH + H,C-CH, 

-ci- 

22.3 Synthesize the following compounds starting from suitable reagents: 

a. CH,CHsCHCH,C(CH,V, 

OH 

b p— CH;C,H,COOH 

CHa 

c ^CHCH.D 

H,CHjC"^ 

d CH,CHCH>CH,CH,CH, 

I 

OH 



O 

f. C.H.NHCCH, 


g. HCssCTHjOH 
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22 A How will you sJu>\v that fcrrroccnc bcha\c'> like an arom*itic com- 
pound? 


CH.CH, 

22.5 Prepare the alcohol — OIli from three diflferent starling 

c H curn, 

materials using o«l> Grignard reagents. 

22.6 Whai arc tHganometallie cv»nipounds? Describe the preparation 
and properties of organo-boranes 

22.7 1 low would you prepare toluene— 4—./ frv)m bon/enc? 

22 . 8 Write the products of the following rc..ction> 
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(!) BH, 

b CH,CH»»CHCH, ► 

(u> 160" 


C 


C.HsCHjOCH, 


(nc,H,Li 

>. 

{») H+ 


J ^CeH,MgBi+BCl, 


c 



♦ 


f 


? CHjCHpMgBr + 



' * 

iTTnh^CI 


cthtt 

g. QH,CH,MgCI-i-HiCVC=CH^Cl ► 

22 9 a Suggest a mechanism for the Refoimatsk> reaction 

b. Whj cannot Lr or Mg be used in pHtce of /n in the Rcfoim ii 
sk> reaction^ 

22 10 Give, in each case the reagent jou would use to convert isopropcI 
magnesium bromide to the following compouinK 

a (CH,\CHI 

b 

c (CH,),CHCOOir 
tl fCH,)sCHD 
e (CH,),CHCH CM, 
f (CH,),CHCH,OH 
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22.1] How can Orignard reagents be prepared? What special precautions 
are to be taken into consideration? How can it be used to prepare 

(a) propionic acid, (b)«-butyl alcohol, (c)trimethylcarbmol,(d)pro- 
pionaldehyde. 

22.12 An organic compound A. has the molecular formula CtHsBr. A 
solution of this compound in ether, on treatment with magnesium 
turnings gives a compound B- Treatment of compound B, with ethyl 
acetate followed by hydrolysis gives a compound C, containing no 
magnesium. The compound C is known to give an orange colored 
precipitate with 2,4 — dinitrophcnylhydrazinc Give possible struc- 
tures for A, B and C Explain the reactions involved above and also 
give the reaction of B with acetic acid 

22.13 What is a Grignard reagent? How will you bring about the follow- 
ing changes with its help? (a) ethyl bromide to propane (b) etliyl 
iodide to propionic acid (c) acetylene to 1 — butene (d) ucctaldcbydc 
to acetone (e) ethanol to isopropyl alcohol. 

22.14 (a) How is ethylmagncsium bromide prepared in the laboratory? 
What important precautions are to be taken for its preparation ? 

(b) How can it be converted into (i) propionic acid, (li) n — but>’! 
alcohol, (ii) propionaldehydc, (iv) cthyldimeth>karbinol 

22.15 Offer explanation for the following : 

(a) Why should Grignard reagent be prepared with the exclusion 
of moisture 7 

(b) Can an ester be used to prepare a ketone via the Grignard 
reaction ? 

(c> Does ferrocene display aromatic behavior 7 Explain 
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Heterocyclic Compounds 


A cyclic organic compound containing all carbon atoms in ring 
formation is referred to as carbocyUc compoumi If at least one atom other 
than carbon forms a part of the ring system then it is designated us a hetero- 
cyclic compound. Heterocyclic compounds containing nitrogen, oxygen and 
sulfur are by far the most common. The chemistry of hetcrocyclics offers 
an interesting class of organic compounds. Many important natural pro- 
ducts such as alkaloids, chlorophyll, vitamins, drugs, etc . arc derivatives 
of simple five — or six — membered nitrogen heterocyclcs- Depending on 
their structures, heterocyclic compounds arc classified as non-aromatic and 
aromatic. Examples of some non-aromatic compounds arc given below ; 



Tetrahydrofuran I,4'l>io\jnc Pyrrolidine Piperidine Quinuclidinc 


They possess physical properties typical of the particular hetero atom, 
present in the ring. For in.$tancc, THFand dioxanchavc properties charac- 
teristic of an ether, piperidine behaves like a secondary amine while qui- 
nuclidine behaves like a tertiary amine. 

The aromatic heterocyclic compounds possess considerable resonance 
energies and have some properties which typify the cheinfstry of ben/ene. 
The hetero atom can play an extremely important part injdctermining the 
properties of compounds of this type. In addition, there', arc u number of 
cyclic compounds which arc, strictly speaking, hcterocycfic. such as acid 
anhydrides, lactones, acetals and ketais. but arc not con.sic|ercd as such. 

23.1 NOMENCLATURE OF HETEROCYCLIC COhWOUNDS 
In heterocydes, since one of the atoms is different than carbon, this atom 
is assigned position-!. Representative examples of some heterocyclic com- 
pounds are given below: 
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PMTok Tuian Thiophene P>ndmc 


Subbtitucnts located on the ling aic given the loi^cst number by moving 
around the ring Besides. Greek uiphabet letters arc al!>o used to specify the 
pi^sition of the substituents The methyl- and carboxyl-derivatives of psri- 



t — McthylpMTole 2 s^Dtmcthylfiiran 2— \mmop>ridine 

dmc also possc.ss the special names of ptcohncs 



2**"M*thylpyridine 3— Methylpyridme 4->-MethyIpyndine 

(«— Picoline) (P— Picolire) (y— -I**®®!*"*) 
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The dimethyl deiivatives arc called tutidims 



?yr]^in~c 2carbo\ylic acid P>iidine~ 3— »iarbox>]ic ac»U l^iidinc— 4 — i,arbiixy)ic 
(Picohnic acid) ^NTicotimc at id) (no NittHintc acid) 



Pvrarolc Imida/olc Oxarolc Thia/»^lc 


\ 

Pvridd/inc 

The numbering m condensei) ring systems also commences at the hctcio atom 
as shown in the following>compounds 



Quinoline iji»— Quinoline Indole 





Pvnmidinc Pyij/mc 


23.2 HVE-MEMBEREO JUNG SYSTEMS 

The simple flve-membered heterocyclic ring systems arc pynol^, fuian and 
thK^hcne Each of those contain two double bonds in the rjing and one 
may anticipate that these would behave like dienes But this Is not Si>, they 
display typical properties of an aromatic nog For instance. tlie> undcigo 
lubstittttioa rather than addition and possess high resonanceenergies- 
pyrrole (21 Okcal/niole),furan (18 5 kcal/mole). and thiophene (27 7 kcal/ 
mole) Thd resonance energiee decrease in the order thiophene > pyrrole 
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> furan. However, certain derivatives of furan and pyrrole participate in 
luels— Alder reactions wWle no D~A adduct is known to form with thio- 
phene under normal conditions Their aromatic character is further recog- 
niz^ from the delocalization of electrons on the hetero atom into the ring, 
and a comparison of dipole moments measured for these compounds and 
their tetrahydro derivatives. 

AH these compounds undergo electrophilic aromatic substitution which 
18 characteristic of aromatic compounds and arc even more reactive than 
benzene 


23.2.1 Pyrroles 

IJyrrole is found in coal tar and in chloroph>lI of plants Its vapors cause 
re CO oration of a pine splint moistened with hydrochloric acid. 

Preparation 

‘s obtained by passing a mixture of furan. 
la an steam over heated aluminum oxide as catalyst 



, Ste am 



"»* M^O 


1-uran 


Pyrrole 


y * ^^•»i-~fCnorr Synthesis'. This method involves the heating of an 
eno iza Ic 1.4' diketoue with ammonia or a piima.'y amine Pyrrole itself is 
v!*”*-*^ sutciiialdehyde and ammonia while 2,5— dimethylpyrrole is 

o ainc from acetonylacetonc and ammonia. 


CHj-CHp 

HiC-C C -CHj 

I I 

O 0 

Acetonylacetonc 



(JH2-CH2 


0iinctk>lp>TroJc 
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3 Heating ammonium mucate with glycerol at 200* yields pyrrole in about 
45% yield, and is a classical method for its preparation in the laboratory 



Ammorium mucate 


Xnim dch>dromucaic 


CH CH 

HC in *• NH3*>V0»2C02 

I 

H 


P>irolc 

4. Distillation of succinimide in the piesence of /inc duat iu!>ults in 
pyrrole formation 




iDikcto-formi (Dienol formi 


Properties 

Pyrrole is a colorless liquid, b.p. 131*. but turns brown gradually in atr. It 
is sparingly soluble in water but is readily miscible with ether and alcohol. 
It behaves like an aromatic compound with a resonance ener^ of 21 kcal/ 
mole. From its structure, it appears to be a secondary amine hut it is omy 
very weakly basic. The reason for this low basicity is that the lone pair on 
the nitrogen atom participates in resonance with the it bonds 0f the ring in 
the same manner as m benzene The electrons are thus not available for 
bonding with a proton. Pyrrole is thus virtually non-basic, Pkb 13.60, The 
delocalization of the electrons is further confirmed by a relatively high 
value of the dipole moment which points away from the nitrogen atom, 
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Orbital Representation of J*>nol(; 


The following resonance structures of pyrrole arc important- 



1 . Eh’ctrophilic Stthstituiion: This is one of the most important reac- 
tions of hetenKycIic compounds. In pyrrole, the attack of an electrophile 
takes place at the 2 - and 5 — positions because of the proximity of these 
positions to the nitrogen atom. The orientation can be rationalized by con- 
sidering the resonance structures of the intermediate ions. 



H ” 

H A 

ifSSiSU 

V *9 



The charge is more delocalized when the attack takes place at 2-position 
than at 3 — ^position. Pyrrole is much more reactive than benzene because of 
the delocatization of the nitrogen electron pair into the ring. Chiorination 
of all the jfive-»4nembered heterocycles affords a mixture of products. Also 
alkylation under the Friedel~Crafts condition has not been very successful. 
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Br?,CHiCOOH _ V X 

r\ - 

• A 

^ , 2-Bron*opyrfOli» (tew yiM) 

SO^diSbOlvfd tn pynO*n# H 

Pyfro(#.^*SuM>nfC4Cid 

<CHiCO)20rAlCll / \jrMe 

1 

H 

Pyrrol# 

4 

^ Acflylpyr^ole 

HCn.mCi j 

1 

H 

0 ■ 

CHJ^ONO^40• ^ 


A 

a.Nitrervrroiv 


Pyrrole with chloiinc yieldi a tctrachloro derivative. 

2. Salt formation: Pyrrole is a very weak amine; salt formation occurs 
at the expense of its aromatic character. The protonation takes place at the 
carbon atom. The dienc-Jike mtermediate polymeri/es readily. 



difflcr fait 


3. iUacthnwith DkMorocarbene: DieWofOcarbeoe adds to a molecule ol 
gyrrtAp to give 3— chloropyridioe, a product of ringexpauioo and pyrrole 
2M>carboxyaltfebyde via the IUiJner*TteiDann reaction. 
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4. Jieduttion: The pyrrole rnig can be partially or completely reduced 
depeadtng on the reaction conditions. 



M 

PyffOi# 


n«.C;!H^w 


>o/nij00»300* 



Pifhati*-"* 


Both of these substances possess an aminc-hke odor and behave like 
typical secondary amines. They show no tendency to polyineri/e as does 
pyrrole. 

5. The DwIs—AliUr Rvaction: The diene property of pyrrole, unlike 



that of furan is weak. Thus, with maleic anhydride and pyrrole, 2— pyrrole 
succinic anhydride is obtained, i.c., a product of Michael type addition. 
ElecIroil'Wtthdrawiiig N-^substituted pyrrole derivatives, however, form 
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D—A adducts in tbc presence of aluminum chloride. The presence of 
electron-withdrawing groups on the nitrogen atom reduccb the aromaticity 
of pjrrole. Therefore, N-acetylpyrrole forms a normal adduct with dimelhy- 
lacetylene dicarboxylate (DMAD). 



6 Ri‘miion\\ii/tGngrtardRi(igt.ntr.Vii\i\ii(jrtiMT<i reagent and pyrrole, 
a salt IS formed, which on tarbonation and hydrolysis yields 2 carboxy - 
pyrrole 


T 

H 


COOH 


N 

A,cr 




7, Dtazo Coupling: pyrrole couples with ben/encdia/omum chloride in 
an acid medium This reaction shows that pyr i ole is phenol hkein character 


9 

Pyrrole 


4-C6H5NiCr 


^O. 


♦ hCi 


N 

i 


2^Phcn>t aro) pyrrole 


Amongst the heterocylic hve membered rings, cerum o 
ring pyrrole derivatives arc of Pf i‘f“^^",f,^i„^,tantgtoupofoatu^ 

products arc the red pigment red blotx* corpuscles. The 

has the foltowing structure; 
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CO 2 CH 3 

( hlorophjrll— .1 

Cbloropbyll— a is responsible fur photosynthesis m plants 
23.2.2 Fiurans 

This ring system occurs in furanoscs. It is obtained from the decomposition 
of sugars The r.idical C 4 H/) is called furyl. Many furans give a character- 
istic green color with a pine splinter moistened with hydrochloric acid. 

Fn-paration 

I. Furan is available chiefly from furfural which is obtained by the acid 
hydrolysis of polysaccharides in oat hulls or other naturally occurring sub- 
stances such as corn cobs and starch which contain pentose fragments. 



2 , The Paul-Kaorr Synthesis: An enoli/able 1,4 — dicarbonyl compound 
on heating with a dehydrating agent such as phosphorus pentoxide or zinc 
• hloridc yields 2.5-— dimethylfuran. 


CHJ CH 2 

I I 



Acetone lacctoiw (Uicnol fom>) : S — l>ifnelh>ituiAn 


Properties 

Furan ic a liquid, b.p. .12“ and is soluble m most organic solvents. It 1 $ stable to 
air and alkali. In the presence of acid, it pcilymeri/cs to form insoluble, datk 
colored resins. Important resonance stiucturcs of furan ate the following 

<;>-<?- 9- 9 -Q 
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Furan and thiophene have similar structures. One electron pair of the oxygen 
atom is involved in aromatic sextet formation. The second lone-pair on the 
hetero atom occupies an sp* orbital that is perpendicular to the «•— system 
of the ring, as shown below: 



Second lone 
pjif orbi'ul 


1. electrophilic Aromatic Subuitution: Analogous to pyrrole, furan also 
undergoes electrophilic substitution at the 2 — position The furan ring is 
labile to the action of acids 


Q 

Furan 


2- Nitro/virao 

o. 

2-Bromoniran 

,S03 ^ 


5* 


Br^rDtoxane 


-5“ 


PynOOTO 


F uran-2-Sultbntc 
acid 




(CH3CO)0,Bf}. , 

2-ACOM fu4*0 



Catitrmann 

rMCtioh 


o» 


Furaiv2-Cart]e»yiil- 

ddude 


Treatmeni of fhraii wHh 1,4 moles of chimine affords 
2-««iiloroAirao in 54% yield. 
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2. The Dieh~— Alder Reaction: Furan unlike pyrrole and thiophene, 
possesses diene properties and enters into Diels>AIder reaction with power* 
ful dicnophties such as ntaleic anhydride and benzync. No reaction occurs, 
however, with slightly less reactive dienophiles such as acrolein 




3. Uydroffemition . The furan ring is completely reduced in the presence 
of Raney nickel/hydrogcn, yielding tetrahydrofuran (THF> 



Turvin 


rifi 


4. Oxidation: Furan is susceptible tooxidatjon and i:> unstable in the pre* 
^nec of air or oxygen and forms succioaldehyde. Fo! storing furan ii is stabi- 
Ii/-ed by the addition of small quantities of hydroquinone. Air oxidation of 
furan results in a 2, addition product* i.c., a bridged peroxy adduct* This 
on ftirther oxidation gives succinaldehydc. 


O' 


-CHy 
I , 
CHO 


I man 


Sncc>natdch>dc 


5. CarbotHttkm: Furoic acid may be obtained as follows: A strong base 
elfectt deprotoaaiion at the «— position of furan, the metallated fUran on 
reaction with CO, and subsequent hydrolysis yields the acid. 
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/ Vi;* Jicr;.„ / \ 


‘>COOH 


Fiiroic acid 


23.23 Furfural 

Furfural is formed by the action of dilute mineral acids on pentoses. 


f Hoi-CH- 


■ CH-f- OH 


'• CH c -l-M : 

NWh’o/ V--' 


4X10 hy0lotytlt 


(H CH 


(H ( CHO 




Furfural is available commercially and acts us a key starting material 
for many furan synthesis 


Properties 

Furfural is a colorless liquid, b p 162'; it rapidls turns brown in air It is 
oxidized by bromine water to fumaric acid 

1. Furfural resembles benzaldehyde in its chemical behavior, and 
gives rnunv reactions typical of an aiomatic aldchvde 



furylacryttc add 
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2. Furfural undergoes oxidation with a mild oxidizing agent like 
Agf/O to furoic acid. 



Furfural ^ acid 


3. EUrtrophiII(\ Aromaih Substitution: An electrophile attacks the 
ring at the 4* 'position in furfural, the reaction is faster than in the case of 
bcnzaldcbydc. 





iCH3)20<i^ 

AlC^j 



Furfural 


4— -Isopropylfuran — 2 — 
carboxyaldeb>'dc 


4. Futfural >ields furiUc acid on treatment with base \ia the bcnzific 
acid rearrangement 



Fmfural 






I'ses 

Furfural is used in the preparation of s>nthctic resins of the phenol' 
formaldehyde typo and aUo as a selective solvent in petroleum refining. 

23.2.4 TUopbeues 

It is the sulfur analog of furan and occurs in coal tar .and crude petroleum 
The thiopheae ring occurs In the vitamin B| (Thiamine) molecule 
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Preparation 

I Thiophene may be obtained in the laboratory by the distillation of 
sod sucdnatc with phosphorus pentasulfide, P,Sj 


CH2---CM2 
t 


Nat)0C i-OO' 



2. The Paul—Knorr Synthesis: As in the case of other five membered 
ring systems an enolizahic !, 4 — diketone is bented with phosphorus penia- 
sulfidc to give thiophene. 


HjC O 


CMj— CH? 
' <! 


CH-— Ch 

I. II 

H^cc CCHj 

Cm 6h 




H-?C 





Aceton>lacetone 2/— nimeth>lihiophenc 

3. Commercially, thiophene is obtained from butane and sulfur in the 
vapor phase at 600®. The react.ints arc preheated to around 600® and then 
rapidly passed through a reaction tube and the exit gases containing thio- 
phene are rapidly cooled. 


CM3CM2CH2CH3 

0 



Properties 

Thiophene is a colorless liquid, b p. 80® (bcn/cnc b.p 84®). It is miscible 
with water Compared to pyrrole and furan it possesses a relatively high 
resonance energy of 28.7 kcal/molc This order is also in agreement with 
the fact that sulfur atom is less electronegative than nitrogen and oxygen 
and releases electrons to a greater extent into the ring. Thiophene posses- 
ses the following important resonance structures 




2 pOtitiO* 


i-POfitKIA 



■a - 
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I . Electrophilic Aromatic Substitution. Thiophene is more easily sub* 
stituted than t^nzcne and the electrophile usually enters the 2-position as 
in pyrrole. 

Thiophene is more stable towards acids than is furan. The 2-bronio 
devivative is also obtained on brumination with NBS in excellent yield. 




Bri/CH|COOH.-M* / \ 

r- — I ^ >^C» 


r 



'3 

? Bromot^«op^^e 






7 NiCrothfOp^m 

IflSXHjSCWftO 

-<>0. 


•Ou 

CH|COQ»SffCl^^ ^ 






9 -C Norof^ rfn« 


With phthalic anhydride and AlCl, in cat bon disulfide, the Fncdcl—Crans 
fNtoduct is foimed. 



Thiophene 


Phthalic anhsdnde <>— 1.2*— Thteno>J) benroic acid 


2. ReAictlon: On catalytic hydrogenation 
which on oxidation produces sulfone. 


thiophene affords thiolanc 
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0 ^ 0—0 

O' o 

Thiophene Thiolanc Siilfone 


3. Thiophene undergoes a normal addition with a iarbciic at the 
C C bond. 



4. Thtophcnc~2 — carboxN aldehyde rc'.ulis fii'in the icevtion nf ilnophciie 
and dimethyl fomtamide in the presence of a T.cwis atid (PCX Ij,)- 



^C~ri 

H 'CH3 


')K.\ ij ^ 



^Cho 


1 hiophcnc 


1 hiophcnc — 2 — 
carbo\\akieh>ti«' 


hfechantsm 

Dimethyl forinamnie reacts with POO,, in its dipolai hirm and yields the 
active electrophile. This attacks at 2 — position of thiophene and hydrohsc^ 
of the resultant intermediate yields the ahlchyvle 


N- 


'N-cC.<.g£i 


Nc 

H 

ChI >t 


\ 

HjC M 


nPOCt,-’ 


Acifsc pJcitrophilc 




chi 


H/H^O 



CHO 



Hctcrocychc ('impounds fit'' 


S. The niels-~ Alder Reaction'. Thiophene refuses to undcigo the 
Diels — Alder reaction. The intermediate adduct if formed breaks down with 
the extrusion of sulfur 


/' i 

^ I 

Thiophene I ^ — 1 ).. ant 'in am. 

Howtsoi it has now beto shown that thiophenes im i r^o iIk D — A 
loaction at high temperature and piessuiu 

23 3 SIX.MEMBEREl) RING SYSTEMS 

Amongst the six- nienibcrsd hettrocvJn. cs'nipounds, ve wdl discuss only 
pjndine 

23 3 1 Pyridines 

I’vndine is the simplest and priibabh the best known hetu ot yells, son- 
poun I It is an an ilog of ben/s*ne in which one of the methme ( CH) 
group IS teplacul by a nitrogen atom 1 his change sloes not affect tbs 
aromatic sh irastcr ot the ling Pvridinc is founsl in coaltar and bone oil 
Pvuvlinc ansi pipsiidine arc w 'dels spread in natural pi odutt' \lk doid 
niiotinc sont nns the pNndms iin" 

P/cparaiioii 

I Csimmcrsialls pyridine is rccoscrsil fiom the lieht oil fnct.on c>bti>ii' 
s'sl dining the fractional dist>iiation of coal tat Th.s t'ustion is trcatee 
with dll suituiic acid to slissohc pvr'dme as it> silt Tbs' aqueous laser i*^ 
scpaiatcd and neutralized with Na^CO, ansi pyridine 's regenerated as i 
lark brown oil It is punned bv frastional distdlati sn (b p 1 1 ^ l 

' Pjndme is also obtained fioin the rsastion ot glucatsmieaUlebvs*.. 
and ammonia I his method, howeser. has no prasos il salue, as the 'leld 
e \ciy poor 




t t 

I 

( 


} 



M 



3- A laboratory preparation of pyiidinc includs'S the distillation s>t 
nicotinic acid with soda — lime (CaO-f NaOH) 
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+ Nd 2 C 03 +H/> 


4. The Hantzsih Synthesis: This involves the condensation of a p — ketone 
ester with an aldehyde in the presence of ammonia. 


C2H5QOC-CH2 »ChO CH;' 

yK * \ T A 

M3C o o > I 







COOCtK^ 


CM, 


Properties 

Pyridine is a colorless liquid and is miscible with water in all propoitioiis It 
resembles bcn/enc in terms of structure and overall stability I ike benyene 
it is extremely resistant to oxidizing agents it possesses a icsonancc energy 
of 33 kcal/mole. The lone pair on the nitrogen atom is located in an sp* 
hybridized orbital which is perpendicular to there— system of the ring. The 



electron pair is, therefo e available for additional bonding. Pyi*idinc is thus 
weakly basic Q>Ka«»5.2) because involving a nitrogen oroxygeti in multiple 
bonding makes the atom less basic, for instance. 

Pyridine K>-1.4<10-» 

Metbyiamine K*«4.38x lO*"* 

The resonance in pyridine molecule *akes place as follows: 
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This is conlirmed by its dipole moment which is equal to 2.26 D and points 
toward the nitrogen atom. 

1 Electrophilic Aromatic Substitution : Because of the above resonance 
structures which makes the ring electron deficient it is apparent that an 
electrophilic attack on pyridine will take place only under drastic condi- 
tions, in contrast to benzene, in which this reaction takes place rather 
readily. Furthermore, under acidic conditions of such reaction the nitrogen 
atom of pyridine is protonated or complexed with a Lewis acid w'hich 
fuither icduces its reactivity 


I 

r ' 


o 


^nC 3 i-C -*^** 


1 


i ^ 

' ‘ { 


) N ' sJt.y C e 

J'VH 




■ r 


> y - "p 

> i ^ 


In an acid medium, the protonation of pyridine nitrogen atom imparts a 
high degree of positive character to the a— and y—positnins. Inthisregaid 
It resembles nitrobcn/enc. The a — and y — positions bear a formal resem- 
blance to the r>— and p — positions of nitrobcnyenc. 




Similar to nitrobenzene, pyridine also does not undergo the P.i\ reaction 
because AlCtg itself forms an addition compound with pyn'dine of the type 
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Shown below: 



AiCij" 


Other Lewis acids such as SO, and CrO, also form addition compounds 
with pyridine. 





if '\l 
\.~rJ 


f 


w. ? 


N-C' -O 


^An oxidizing for ami ■vcn?»!h\k 

5>iim»ijc ctvnj'oandv# 


2. Ami Icitphilii- Suhsitiidiotv. In contrast to ben/ene, a nucleophilic attack 
t»u the pyridine ring takes place with relative ease because of the dipolar 
structures. The attack takes place at the 2 — and 4— positions. Direct ami- 
nation of pyridine occurs on Keating sodamidc in dry toluene at 1 10®. This 
is referred to as the Chkiuhabin rt'aumu 






2-~Aminop>ridinc 

<70-80^w) 


Mechanism 
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The amide ion attacks the 2— position and subsequent electron shift and 
ejection of hydride ion forms 2-aniinopyridinc. 

b. An analogous nucleophilic substitution occurs on treating pyridine 
with phenyliithium, this enables the introduction of a phenyl group at the 
2 — position. 



3>\ridiic 2— Phop\l|vr'd n- 


V 0\HhUun\ i^vudinc is easily oxidi/ed with HgOa or perben/oie acid 
to givs pyritihu N — oxidv 



I’: I viihc 







I'>riv1iiic N — oiidc 


I'jndiMcN o\ult umk'rgoox ekciiophiltc sul>^tllutlon raihej readily at the 
4 — position. 

5 Pyrioina beinj! a tcrtiaiy aniini. turai^ quarternaiy salts l*alk>lpyrldi- 
nnm uHlides with alkyl halides The Mlt do heating', fo.’tns HI salt of 
< -rieoliue. The pyridinium sails arc more rc«.stive towards nusleophiln. 
r..tienLstbau pyiidim. itself. 


n 

4 CMjl m. 

r ^ 

f 

4 





' )* 

' » 



CHj 

M 


I'siulnc 


1— Mctb>lp>iio.»»u>ii 
leiJidc 


2— lp> nUimui.i 
u'didc 


6 Hetaryw Formation' A hetarym is an intermediate with a triple bond 
in the nuetcus containing the hctcro atom. The corresponding intermediate 
/•omyne oi drhydrobenzmo is an mtermeJiate in cct tain reactions of arom- 
atic compounds. Only one type of dehydrobcn/ciie is known but there are 
two hetaryncs possible. The 3, 4<~hctar)nc is obtained by the reaction of 
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NaNH, ID liq. ammonia on 3-— or 4~halopyndines The correxpondmg 
2,3 — hetaryne cannot be obtained from 2— halopyridine because of amination 



reaction. Instead it is obtained from 3— bromo— 2-~thlorop}rjdinc b\ 
tfLatmcnt will Li amalgam 



I Si \ 

Pyridine linds uses as a solvent because ol its high solvation properties, us 
catalyst in acylation, in denaturing alcohol and in the manufacture of dyes. 

23 4 FLSED RING SYSTEMS 

Of the fu.ed ring systems we will discuss quinoline, isoqumoline, and purme 
Fused systems, as discussed earlier have two atoms m common 

23.4.1 QoiiioliBe<s 

In quinoline, one ben/enc and one pyridine ring arc fused together at the 
ortho positions Quinoline was first isolated from coal tar and shortly after- 
wards from the distillation of quinine with alkali. It does npt occur free in 
nature but many alkaloids derived fiom this ring system ate well known, 
such as quinine, chloroquin, atarbrmc, etc. 

Preparation 

Quinoline is prepared by the following two methods: 

1. The Skraup Synthesis: This is the commercial method for the prepa- 
ration of quinoline. Aniline i!> heated with glycerol and cone, sulfuric acid 
in the presence of nitroben/enc aa oxidizing agent. 
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Ch20h 



r CHOH 
I 

^HjCm20h 


Aniline 


CfeMtjNO^ ii2SO^ 

HeS04 


Quinoline 



Mivhanisiu 

The first step involves the dehydration of glycerol to acrolein which con- 
denses with aniline to form 1,2 — dihydroquinoline which is oxidized to 
quinoline. Ferrous sulfate is used to slow down the otherwise vigorous 
reaction. 8 — Hydroxyquinoline (oxine) is available by this method using 
o — aminophenol- 


CHj — CH— CM, Ch> 

OM Oh Oh — 


ChO 




Ch, 


f M , 






1 .2-— DihyUroquinolinc 





2. The FrieJlmdcr Synthesis', This method involves the alkaline conden- 
sation of o— ominoben/aldchydc with a carbonyl compound coptaining the 
grouping— ClfCjCO, i.c.. having a reactive methylene group adjacent to the 
carbonyl group. 




6^0 A Textbook of Organic Chemistry 


Propertu s 

Quinolmc k a coiorlcs:!» liquids b.p 237®. The lone pair not nuolvcd m 
the aromatic sextet; it is thus mildly basic, the basicity being of the same 
order as that of aniline The following resonance structures arc impoitant* 



It possesses a resonance energv i>t 4^3 kcal inv)lc Ihe proputns of the 
heterocyclic ring resembles tho^e of pviidme. 

I. i U'Ltrophitn. in mitu ()ttli[etv\( iings lo quinoline 

the bonzeue ling is election rich The electrophilic attack (bus taki. » place 
Ml this ring at the 5 — and 8— positions to give a mixture of produci - 






'‘2 

I 


1 



4 

I 


' X r 



t 


O "vl f* 



»«Cliwrw|«iintUfl« 


2. Oxidatiun with potasbiun pennanganaic benzene ring to 

give pyridine — 2,3 — dicarhoxylic avid, which decarboxylates to nicotinic 
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acid. Since pyinling img is n — vkficitnt and oxidation is dependent on the 
election availability, l he pytidmc ring thus remains intact 


’ 1 

J 

h \ \ 

^ * 

4 t 

V.'* 

■'•'i J 

4 

(euinoln.k. 


(l*>iidinc — 2, >— 
dic«*rl*o\\l c 

"SivOilliiC dK,ill 


J, Keihution Chemical reduction of tJn. pyridoK ring is r Jativeiy easy 
but thit of the benyviu* ring is dillic till, i* w«uild be expected that the 
p>nairK nn,: m quinoline Wimld b\ moic ca^ly rvduc^^d. 


f 




- - 



] 





^ ‘ r 2 ." 4 -1 cirah>c’'o 

ou roiiPiC 

\ mild oxjdi/.nn agent like h>dr«.'pcii ptroxidc forms Qnun^lme N— o^de 


\ 



"N 



♦2D 


'“N 




I Quinolme IS 4 tcHi.ir> base and foims quateiiurv s.dts with alkyl 
Quatcrnii' ifiuii a>sists the abilitv of quinoline to reavt with nucleo- 

ri'iK 



CHW 



N— Ntcihy ttiu’n<'li f<’ u. 
iodide 
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5. Quinoline undergoes nuclophilic substitution in a manner similar to 
pyridine. With phenyllithium. the 2 — position is metallatcd which sub- 
sequently forms 2---phenyIquinoline. 





nijinol'rt 


KNM > 








< omtitulion of Qwnoltui 

The following facts and reasoning resulted in the cluciualioii of the stiia- 
turc of quinoline. 

1. 'Ihe molecular foiiuuia of quinoline as determined b> .malytical 
data and molecular weight determination Ls found to be Ci^li^N. 

1. Quinoline undergoes electrophilic aromatic substitution, i e. nitra- 
tion, sulfonation and bromination, as do ben/ene and pyridine. Ihis 
imi^ies that there must be at least one aromatic ring present in quinoline 

3. Quinoline forms a quateinary ammonium salt with methyl iodide 
which suggests the presence of a tertiary nitiogcn atom. 

CWtN ; CH,I ►QHtN'CH,!- 

4 V'aluable information about the structure of quinoline has been 
obtained by its oxidation reactions 

Oxidation of quinoline with KMnOt, yields quinolinic acid. Naphthalene, 
on similar oxidation forms phthalic acid. It may thus be assumed that m 




AqKMnO^ 


Q COOH 

;ooH 


quinoline one benzene and one pyridine rings arc fused together. 1 h. 
structure of quinoline may thus be postulated as follows- 
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This structure assignment has. been confirmed by its independent synthesis 
as given earlier 

23.4 2 ISO — Quinolines 

l^quinoline occurs in coal tar and contains a ben/enc and a pyridine ring 
fused together ft is one of the very few heterocyslic compounds m which the 
numbctiog di>cs not start at the hetero atom The numbering rather com- 
mences adjacent to ths* ben/ene ring as m quinoline and naphthalene 


5 c 

3 

2 


Ihcre aie no so — qumolme derivatives known as potential drugs iho 
v-ung ssNtcni though oc^uis m several alkaloids 

Preparation 

I 7 he Pameranz-Frit flit Synthesis In this procedure a SchifiTs base 
H first obtained between the reaction of an aromativ aldehyde and an 
iruinoacetal C'yehzation is then accomplished m the piescncc of a x. italytic 
amount of an acid to give isoquinolinc 




2 the Bifihfer-\aptLralfkt S)nthiM\ An acvl derivative of p — phenvl- 
cth>laininc is treated with a dehvdiating agent to f»si m dchvdro i^ti-qumohnc 
"huh on dehydrogenation forms isoquinolmc 



MethsI i«i— .quinoline 
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Properties 

iso — Quinoline is a colorless liquid, b.p. 243". It is fairly basic (pK*- 5.1), 
several alkaloids like papaverine are based on the structure of -quinoline. 
It resembles quinoline in ith chemical behavior. 

1. ti/edropliiiic Arontotic Snhsinutioii: Analogous to quinoline, the elec- 
trophilic attack in ho —quinoline takes place in the ben/enc nng due to the 
deactivation of the pyridine nng because of piotonation 


Ni'. 



♦so Oumoi "f* s s.-i<bp>c it'O 


It is interesting to not-- th i though positions i ."'d 3 cik adiaccol tt> the 
nitrogen atoiii one might cvpoct these positions ’o ^how d vlrophilie ic.ic- 
tivity asdispla .cd hs th». 2 — .»nd 4— p>-sit.ons in qi.in- line llowesti p<>sifion- 
1 is acti\ate<l towards eleciiophilK dttavk. while pv'SHion> 3 -- is not. Miack 
at position— 3 vnll result m the following tharged form: 

t I 

1 

[hi would be of a very I'lgh ru^Mgy a'> it a>nt iin^ Uk iMf f'-quinoiK 
svMcm and thus \vt»uldnotcontnhutctotbc icsonaiKt'livbnsI. Asm the ease 
of i)*»phthalcnu it maybe cx] ’r/?ncd by saymg that ibcfc i > sciy liUlo tloubh 
bond character between <' -J and as between (' — I and ('—2. 

5-Broinoj'vo qunudme is fonnoi <»n rctittn-n wdli ni*.a AICIti while tlu 

4-i5>ojnicr is oblanud with Bfj/CCI*. 

?- With rdk^! babdes, j o -quinoUm forms a qnatctnjitrv 



fw— Qumohne N -N!cth>l ho — quioolimum iodide 
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3 , isa Quinoline undergoes the usual Chichibabin reaction with sodamide 

in liq NHg. 



iso — Quinoline 


I — Amino iso — quinoline 


4. Oxidation: A strong oxidizing agent leads to the formation of equal 
amounts of pbthalic acid and cinchomeronic acid, ^^hilc it is resistant to the 
attack of most oxidizing agents. 









? ‘O— Quinoiis^c 



The action of pcrbcnzoic acid convert.s quinoline into its \*o\idc. 

5. With Grignard reagent a nucleophilic attack v>f the Chichibabin type 
lakes place on /'o-^quinoHne. 



Quinclim’ 




'-V'- -N- 


1 '—V t h ^ I < ■ — q'j i nol ? nc 


Reduction: Simitar to quinoline, the pyridine ring in ho — quinoline is 
also reduced more rapidly than the benzene ring 






/fft -^Quinoline 


TetrahyUro 
fvU)'— quinoline 
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23.5 PURINES 

The purine ring system is one of the most important present in living sys' 
terns and is formed from the fusion of a pyrimidine and an imida/ole ring. 
The purine ring system is present in many natural pioducts and in nucleo- 
tides obtained b\ hydrolysis of nucleic acids. Though theie is no rigid classi- 

3 

M 

8 

Punm. 



ficdtion of purines, they may be divided into two types namely bydioxypu- 
nnes (having hydroxyl group), i e , uric acid, xanthine and aminopurincs 
(having amino group), i.e., adenine, guanine. The parent compound purine 
was synthesized by heating 4,^ — diaminops nmidine with formic acid. 



Adenine i> obtained from formamidine and phcnxla/omalonitrile in the 
following steps 




HC 




(N 




Punne is a colorless compound, m.p. il2®, an<l is soluble intvater butspar 
iDgty soluWc in organic solvents. Purine is a strungci base (pK < 2 4) than 

pyrimidine (pK, « 1.3). 


23.5 URIC ACID (2,5,8— Trihydroaypiirliie) 

Uric acid IS a member of the purine family ft occurs in two tautomeric 
forms, I.C.. lactim and lactam ft}rms 
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I actim form I actam form 


Uric acid is a component of urine and is the major nitrogen —containing ex- 
cretion product of birds and reptiles. In the disease gout, the rate of forma- 
tion of sodium urate is increased and cr>stals of this salt precipitate in joints 
eausing painful inflammation and leading to arthritis. Kidney stones mas 
also form. 

Preparation 

Uric acid may be prepared b^ the following two methods: 

1. I he Traube Synthesis-. In this method, urea is condensed with cthyl- 
cyano acetate to give cyanoacetylurea. This intermediate is cycli/ed to 4 — 
uminourncial by alkali. This latter compound is then nitrosated. reduced 
and then converted into the corresponding urethane by treating with ethsl- 
chloroformate. Urethane, on warming loses CjHsOll to yie'ld uric aciil. 



4— -Aminour.ied 4 s— niammouiaed t'ricacid 

2. The Fi<!eiur Synthetic. Barbituiic acid is treated with nitrous acid to 
sield the oxime of alloxan (violurie* acid) which is then reduced to 5 — .tmmo- 
burbilurtc acid (iiramii). The latter is heated with KCN to give pseudourie 
acid and then to uric acid by ncating with hot cone. HCl. 



Violurtc acid 


Uramil 
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Properties 

Uric acid is a \»hitc crjstaliinc compound, >paiiiig]> soluble in hoi water It 
cxiNts in two forms out of which the lactam form predominates. It behaves 
as a weakly dibasic acid and foims two senes of salts, the aeids and neutral 
urates m which one or two hydrogen atoms h.ive been replaced by a metal 
Uric acid undergoes oxidative degradation with nitiic acid to allovin 
and urea, and with alkaline permanganate to allantoio 


HN03 


Uric acid 


KMna,.OH’ 



This degradation was the key step m the establishment of stracture for urie 
acid. 

An analytical test for uric acid is the appearance of a purple color on 
adding ammonia to the residue obtained by evaporating ibi^sotuiion of a 
small amount of utic acid in nitric acid. The color appears due to the 
formation of murexidc. Oxidation of unc acid first results in alloxan and 
dialttric acid whidi condense to alloxantin. This is then converted to 
mttnntide with ammonia. Murexidc is used as an indicator in tiomplexomet- 
ric tihntf tom. 
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23.7 NUCLEIC ACIDS 

Nucleic acids are biomoieculcs and play an impoitant tolc m the storage of 
genetic information and in the biosynthesis of proteins. Nucleic acids occur 
m every living cell and like pioteins they are polymers of high molecular 
weight. There are two types of nucleic acid — deovyribonucicic acidfDNAl 
a consii^uent of the nucleus and nbonucleii. acid (R\A>, present in the 
cytoplasm outside the nucleus The monomer unit of these biopolymers is 
called a /tM( /euftdi'. Unlike the monomer unit of other polymers, a nucleotide 
can be bydroly/ed. Base hydrolysis of a nucleotide loads to a mtrogencous 
base (a derivative of pui me or pyi imidine), a five - carbon sugar l> — nbose 
and phosphoric acid. The assembly of a typical nucleotide, adenosine mono- 
phosphate (AMP) is shown below 



KO Oh 

Phosphoric acid Ribose WfP 


The nucleotides of DNA arc built from dcoiynbosc (fku n means lacking 
in an oxygen atom) and those of RNA from nbose. 



Deoaynboie Ribose 
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Both DNA and RNA consist of a long chain alternating sugar and phos- 
phate residues 

Hydio]>&is of nucleic acids yields five heterocyclic bases. Thtee are 
common to both DNA and RNA — adenine, guanine and cytosine 



Of tlie remaining two — thymine is found onlv in DNA, while uracil only 
m RNA. 



I h} mine t rusil 


Various nucleotides combine by the loss of a molecule o^ water from 
the phosphoric acid un*t of one nucleotide with an alcohol uni| of the sugar 
residue the next molecule. This gives rise to a phosphate ester linkage. 
This process is repeated until hundreds of nucleotide units ate incorporated 
into pdymer A segment of deoxyribonucleic acid (DNA) is shown 
below: 
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A t>piut! DNA strand 


I he backbone tif a nucleic acid consist:, ol regularly allcmating phosphate 
and pentose units. The he terocy cl it bases a re I inked loC— lof each pentose 
unit whereas the phosphate group of one nucleotide is joined with the C— 3 
atom of the iibusc (or vlcoxyiib^ist) unit of the su.’cccding nucleotide. 

The structure of DNA has been described as a double-stranded helii 
comprising of two DN.V chains twisted together m a helical fashion. The 
two chains arc held together by hydrogen — bonds between pairs of bases in 
the two chains A thymine unit of one chain pairs with adenine of the other 
chain via hydrogen bonds and guanine with cytosine. Genetic information 
is passed from cell to cell in a proccs.s called DNA repheation. A gene is a 
section of a DNA molecule that is ‘coded’ for a spccilic genetic message. 
Since the DNA molecules have the same backbones, the differena'S in life 
functions related to it are based on the sequence and kind of bases on the 
nuclew Bcida. It is this sequence of bases, which is generally accepted as a 
gi'neth code tn which biological information is rccordet! in a nudeic acid 
molecule. 

The tirst gene to be made artificially, but Ainctiona! in a living cell (a 
i>act«rium) was announced by Nobel iaarcate^ H.G. Khorana in 1 97ft. 

KNA di&ra from DNA in that the .sugar unit is ileoxyritKise in case of 
1-^NA. RNA exists as .single strand, unlike DN-A. RNA be of three 
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types Ribobomal RNA constitute tbe major amount ofRNA and are alio 
called ribosomis They perform a structural function. Messenger RNA 
account for about 5-10% of the total RNA cell, and function as a template 
for the synthesis of proteins. Transfer RNA, or soluble RNA are the smal- 
lest of the RNAs Being small they are more soluble and more mobile. They 
are also involved in protein synthesis, in the transfer of amino acids from 
solution to the growing protein chain. 


QUESTIONS 

23.1 By drawing lesonance structures show why the attack of NO,'*’ 
takes place at the 2 — and nut the 3 — position in thiophene. 

23.2 Write products of the following reactions: 



23.3 Describe the preparation and properties of furan. 

23 .4 Write structure formula for tile following comptHinds 

a 2— Mefbylquinolirte 
b #-~-/—Bittyfpyridjnc 
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c. « — Methylthiophene 
d Chlorofdran 
c. 2,5— Diammopyridinc 
f 3— Nitropyrrolc 

g 8 — Nitro iso — quinohne 

h Furil 

i. Furitic acid 

j. Furoin 


23.5 Write short notes on the Chichibabin and Vilsmeyer reactions. 

23.6 Compare the basicity of pyrrole and pyridine Draw their luotecular 
orbital diagrams 

23 7 Propose mechanisms for the following reactions 


a 


* C *12 (COOC?rtj)2 



CH12CH2CH 


^COOC^ 

\oocaMs 



23.8 A tcrtidi> amine was subjected to ilofman degradation 

to give an unsaturated amine This amine on further Hofmann 
degradation yielded a dicnc C,H ,4 and a tcrtiarj amine OMdation 
of the diene with KMnO| led to formic, propionic and acetic acids 
in a molar ratio of 1 I 2 O/onolysis of the dicne lead to mixture 
of HCHO, CH^HjCHO and 2 3- butanedicne. Write the structuics 
of all the unknown a>mpounds 

23.9 Why docs an electrophilic attack in quinoline take place on the 
benzene ring? 

23 10 Although the 1— and 3— positions are both ortho tc* a 2— substi- 
tuent in the naphthalene senes, the tsso positions exhibit different 
chemical properties Illustrate bow a similar difference exists m the 
isoqutnolme senes, using an appropnate reaction. Offer an explana- 
tion for the difference 
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23. H Di^cus'i in brief the constitution of any two of the following: 

a . Quinoline 

b . Thiophene 

c. Pyridine 

23 12 How IS pjiidme obtained fiom c«>al t.u‘* Describe two methods for 
its pieparation How does it icaet with. 

a. Bromine 

b ( one MjSO, 

23.13 Give two methods ctnpU>jed for theprepaiationof p>rrole lu what 
lespcets diK's it resemble an aromatic Hubstiince? 

23 14 What aie hetciocyclic compounds and how aic they classified? Give 
impi'itant piopcities of p>ndmc and discuss its constitution 

23. 15 Describe Iwc* methods for the synthesis of pvridine t'ompaie and 
contrast its properties with that of bcn/enc Give the chief uses of 
pyndinc 

23. 16 How will >ou svnthesi/e the following 

a Psiiolc fioin acetoiylacctoiv 

b. 1-uian from 1.4 — diketone 

23.17 Compare the ba,icit> of pyndinc with that of p>ii ole and justilN 
your eoneluMon on the basis of their structuie. 

23. 18 How will you ariive at the stiuetmc of psiidine.' 

b L\ plain ckctiophilic and nucleophilic substitution in p>ndinc' 
With the help of an example in each case 
c Is p>ridinc soluble In water.' I:\plain 

23. 19 Describe the synthesis ofquinulinc and discuss its structure 

23.20 Write a short note on the synthesis of quinoline and isoquinohne. 

23.21 fcxplain the following. 

a . Elcctropbihc substitution of pyi role is easier tpan in the case of 
ben^ne. 

b. 1 IccTrophihc substitution of pyridine is difficult to achieve 

c. Pyriolc is less basic than pyridine. 

d . Elcetrupbitic substitution of pyridine is similar to nitrobenzene 
e iUectropbilic attack in thiophene takes place 2~-position. 

f. Furan undergoes Diets — ^Aldcr reaction readily. 

g. Nitration in iso -quinoline takes place at 5— position. 

h. Pyridine undergoes nucleophilic substitution rather easily. 
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i. Furan participates in the D — A reaction more readily than 
pyrrole. 

23.22 What arc nucleic acids? Can they be considered polymers. Name 
the two types of nucleic acids and write the structures of their 
monomers. 

23 23 Show all the steps for the synthesis of 2— methylquinoline according 
to the Skraup procedure 



24 

Carbohydrates 


A variety of compounds obtained from natuial sources will be discussed in 
this and the following chapters These compounds include carbohydrates, 
alkaloids, amino acids, proteins and terpenes. These classes of natural pro- 
ducts are important biologically and essential to sustain life Some of these 
provide the organism with the necessary energy (carbohydrates and proteins), 
others have various physiological effects (alkaloids), while some arc impor- 
tant from the medicinal point of view (terpenes) 

Carbohydrates (saccharides) occur naturally in the animal and vegetable 
kingdom These, along with fats and proteins, form the basis of animal 
nutrition. Sugars, starches and cellulose arc probably the best known mem- 
bers of this group Carbohydrate moitics also occur in a nurabci of complex 
materials such as glycosides, raucoproteins, nucleic acids, etc. Chemical 
analysis of sugar and other carbohydrates show that they are composed 
only of carbon, hydrogen and oxygen and their general formula can be 
expressed as C,(H,0)j„ e.g., C,H„0, or C,(K,0), and C„llj,()„ or 
Cj^H,0)ii, etc.. I e.. they appear to be hydrates of carbon The carbo- 
hydrates usually contain hydroxyl, ether or carbonyl functions. According 
to the modem definition of (.arbohydrates they arc polyhydroxy ketones or 
aldehydes or substances that yield such products on hydrolysis. Low mole- 
cular — weight carbohydrates arc called sugars or saccharides. A si/cable part 
of the chemistry of carbohydrates deals with the reactions of aldehydes and 
ketones. The name carbohydrate has survived since its inception by Schmidt 
m 1844 though it has no chemical meaning. The names of the individual 
sugars are characteri/cd by the ending — ose. Carbohydrates arc stored as 
glycogen in the body. 

24.t CLASSmCATlON OF CARBOHYDRATKS 

For the sake of convenience the carbohydrates are divioea into three mam 

groups according to their molecular structure and physioul and chemical 

properties. 


Monosaccharides-. Th^ are the simplest carbohydrates and also called 
simple sugars. They cannot be hydrolyzed ftirther into simpler sugars. The 
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most important of them arc iht pentoses, CtHjoOf. and the hexoses, CaHuO«. 
The monoeaccharides are farther subdivided in terms of the number of 
carbon atoms and the nature of the carbonyl groups present in the mole- 
cule. If an aldehyde group is present, it is known as an aldose and a ketose 
if a keto group is present in the chain. A three carbon chain is called an 
aldotriose or ketotrlose, a four carbon atom chain as aldotetrose or 
Ketotetrose and so on. Examples of each kind are given below: 


CHO 

tHOH 

^HjOH 


CHO 

(^HOH 

inoH 

<!:h,oh 


D — Gl>ceraldehyde D — I rythrosc 

(An aldotnose) (An aldotetrose) 


CHO 

Hoia 


1 


HOH 


CHOH 

c:h,oh 

D ~ Arabinose 
(An aldopentose) 


CHO 

<!:hoh 

<!;hoh 

c!hoh 

(!h,oh 


o ~Rib«)sc 
(An aldopeotoc) 


CHO 

i:HOH 

HotH 

i:HOH 

^HaOH 


D— 

{\n atdepcnioso 


CHO 

I 

:hoh 
H oi:H 
;hoh 
;hoh 


i, 

L 

i, 

i, 

i 


H,OH 


D— •GIuco'^c 
(An aldohexosc) 


CHO 

CHO 

CH,OH 

CHjOH 

Hoi'H 

HOtf-H 

I:h,oh 

^HOH 

HOCH 

HO<^H 

1 

Lo 

1 

1 

c o 

CH,OH 

Dibsdroxy acetone 

1 

CHOH 

1 

iaoH 

(A ketotnosc) 

CH,OH 

Lr)ifirulose 

<iH,OH 

Msnaose 
(An aldohexose) 

CHOH 

^HjOH 

0 — Oslactose 
(An sidobesose) 


(A ketotetrose) 
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CHjOH 

1 

CH,OH 

CH,OH 

1 

c*o 

^HOH 

1 

i-0 

1 

c»o 

HOCH 

1 

Hoill 

1 

CHOH 

1 

CHOH 

1 

CH,OH 

CHOH 

CHjOH 

1 

CHOH 

1 



cii,on 

Ribulose 

Xylose 

t>~Frutlosc 

(A ketopentoMi 

(A ketopeotose) 

(A kttohevose) 


Disai chanties: These arc composed of two monosatchai uk molecules 
bonded together by ethet linkages and nia> be hydtol>/cd to yield the 
constituent units Sucrose, for instance, on hydiolysis yields glucose and 
fructose They aic crysttilline solids, soluble in water and sweet in taste 
Representative examples arc. Cane sugar, lactose, cellobiosc and maltose 

Oligosauharuley. This is a gcncial term used to dtscnbc sugar p<>iymcis 
containing upto eight monosacchaitdc units. 1 hey include disaccharidcs 
trisacchandes, tetrasacchandcs, etc 

PofyiflCc/wr/JcJ; These arc composed ol scvcial nmnosacchaiuie unit, 
and arc polymers. On hydrolysis they yield a large numb..t (> lOofinono- 
sacchai ides. Starch on hydrolysis gives scsetal molecules of glucoM I hose 
are non-sugars, insoinblc in water and arc the most abundant foim ot 
carbohydrates Important e\<implcs mcluilc starch .>nd cellulose 

24^ OCCURRENCE OF CARBOHYDRATES 

Carbohydrates are ultimately derived from the reduction ot carbc)n dioxide « 
by living plants with the aid of the green pigment, chlomphyll The energy 

SoUr t nergy 

xCO, f yH/J xO, 

IS obtained from sunlight and this process is known ns photosymiu sts. 
Olucose and fructose occur in grape juice, and sugar (sucrose) occurs m 
sugarcane and beets. Lactose n present in cow's milk. Stgreh is obtained 
from potatoes, corn cobs and many plants, nhercas cc'liuloiie i$ a major 
constituent of wood. It is also the principal component of cotton 

24.3 MONOSACCHARIDES 

The monosaccharides arc those carbohydrates which cannot be further 
degraded by hydrolysh. They include both aldoses and ketoses The most 
important sugars of this class arc glucose and fiuctovc 
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24.3.1 Glucose 

The name glucose is derived from a Greek word for sweet wine and reflects 
the fact that it was originally isolated from grapes. Glucose, because of its 
origin, is sometimes called grape sugar. The alternative name dextrose 
originated from the fact that the common form of the sugar rotates the 
plane of polari/cd light to the right, i.e,. it is dextro rotatory. Glucose is 
the most widely occurring monosacchaiide.s in nature and occurs free in 
fruit juices, honey and is also obtained by the hydrolysis of starch and 
^'cllulosc. It is the final product of photosynthesis, i c., the process in which 
plants produce oxygen by utilizing carbi>n dioxide and water. 


Solar energy 

6COj i 6HP > C,H„0, + 60* 

OIuco'-c 


Glucose IS involved in the metab«>hc activities of living organisms and is 
formed by the hydrolysis of sucrose and staich. In the blood stream a 
dcfi.iitt concentration of glucose must be maintained because both, an cxccs** 
and a deficiency, are fatal for the organisms. Excess glucose is excreted in 
the urine The concentration of glucose in the b«.>dy is maintained by the 
action of hormones (insulin) 

Prepuruihm 

Glucose is obtained tm a tommeivial Scale from the hydrolysis of starch 
in the presence of a mineral acid In practice, the starchy m.itcrial is mixed 

H+ 

(CjHjjjOj), ( iiHjO — ■ " > nCjHjjO* 

Stare li r»Iuci>bc 


with twice Its weight v)f water aiui dil. sulfuric acid. The mixture kn heated 
under pressure. When fhchvdiolysis is complclcr the excess acid is neutrah* 
/cd with CaCOg and filtered. The clear flitiatc is decolorized with animal 
charcoal, filtered agaia and iinallN concentrated, (ilucose crvstals sep^irate 
cooling. 

Properties 

tiluuise is a white crystalline powder and is highly soluble in uatcr. It 
undergoes the following important chemical icactions 

I - Ester ideation I The hydroxyl groups in glucose can beestenfied with 
‘'■etic anhydride to give a pcntaacctyl derivative. 
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CHO CHO 

(iH0H),+5(CH,C0),0 >. (iHOAc)*+5CH,CXX)H 

<fH,OAc 

Glucose Glucom 

peotaaoetate 

The reaction has been usefUI for elucidating the structure of glucose. 

2. Formatim of (7/iftOf/</e:When glucose is dissolved in alcohol and 
the solution treated with a mineral acid, a cyclic ester results acquiring only 
one methyl group. In carbohydrate chemistry such a compound is termed 
as glycoside and a glycoside derived from glucose is termed as glucostdc. 
The aldehyde function disappears in a glycoside Since a methyl group is 

tiluoose+CH.OH ► C.HjA-OC'Ht i WtO 

transferred to the oxygen atom, the prtxjcss is termed as methylation. Only 
one equivalent of methanol reacts to give the licmiacetal type compound. 

3 Reduction. Monosaccharides ma> be reduced by different methods to 
the corresponding pofyalcohols, which as a class are c.iiled aUhtoh Reduc* 
tion of D— gluccsse with NaBH| gives D— glucitol (referred to as sorbitol 
in older literature) 


NaBH, 

D'Gtucose ► 


CH^OH 



(CHOH), 

injOlf 


4. Oxidation; Mild oxidizing agents such as Fehlmg's solution. Tollcns' 
reagent and Benedict's srdution oxidize an aldose to an aldonic acid while 
nitric acid oxidi/es it to an aldaric acid. 

Since glucose gives a positive test with ail these rcageni^. it is also called 
a rediHin^ sugar 


CHO 


HOH)44-Cu*^ (tartarate complex) 
Fehting's solution 

H,jOH 

OhKose 


i 


COOH 

4. (<!:hoh)4+Co 

<5h,oh 


tO (red ppt) 


Oloconie acid 
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Bromine water (hypobromous acid) oxidizes glucose to aldonic acid which 
is further oxidized by nitric acid to glucaric acid, adicarboxylic acid. Direct 
oxidation of glucose by nitric acid also leads to the same acid. 

HNO, 


Glucose 


COOH 

Br^ t. HNO, 


(CHOH), 

water j 

CHDH 
(iluconic acid 


COOH 

((I:hoh)4 

(ioOH 

Olucanc acid 


5. Reactions of the Carbonyl Fumtion: Glucose reacts with reagents like 
HCN. H,NOH, C.HjNHNH,, ate., in a manner typical of aldehydes. 


O 

M 

C'.HuO.CH 


OH 

HCN / 

► CiHnOjCH 

: \n 

G)ucocyaiioh>drin 


H^NOH 


CjHiACH«NOH 
(ilucosoximc 

In contrast, three molecules of phenyihydrazine react with glucose to form 
an osazonc which is a bright \ellow solid. The osa/ones are more easily 

CH NNHC^If, 

H— i’—OH 
H,NNHC,Hj 1 

Glucose H—C— OH 

“H,o I 

(CHOlO, 

(flljOH 

CH=»NNHC,H, 

HjNNHCVl, I 

• C NNHC.H, 

-H,0 I 

(CHOH), 


-t'sHsNH 


-NH, 


CH^NNHC.H, 
-► C O 
(i:HOH)N, 

ii,OH 


Olueosazone 
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handled than the sugars themselves (sugars tend to form syrups when not 
completely pure). 

Phcnyihydrazine itself is a mild oxidizing agent and is capable of con- 
verting the adjacent —OH group to a keto group. 

6. The open structure of glucose, although containsa—CHO group, 
differs in many respects from the normal aldehydes. For instance, glucose 
neither gives an adduct with NaHSOs, docs it give pink color with 
Schiff’s reagent. Instead, glucose resptmds to Molisch’stest and mutarotates 
(see Sec. 24.4). 

24.3.2 CMstttation of Glucose 

The elucidation of the stiucturc of glucose is based on the following 
evidence. 

1. Determination of molecular weight of glucose showed the mole- 
cular formula to be C(H|jO«. 

2. Preu'tta: of a Straight Cham: One of the cat liest experiment!, 
formed for the structural elucidation of glucose w.is a direct reduction The 
glucose cvanohvdrin on reduction with HI and subsequent ii>drol> sis fields 
heptanoic acid. This shosvs that the carbon .itoms are arr.ingcd Imeailv 


O 

B HCN / 

»• C,H,AC» 

ON 


HI l» 

^ c,H,A( nc\ 


Glucose 


\ cvanolvdtin 


► r,H„CH,COOH 

Hcpianoic acid 


3. Prerenre of an Aldehyde Group- The presence of an aldchs dc fiinc 
tion htis been based on scvcial chemical reactions 

. 1 . Glucose reacts with HC N and H.NOH in the same manner as alde- 
hydes do. , , 

b. The aldehyde group is oxidi/ed with bromine uatcr to a carlxixvi 

funettop 4 t 

c. Glucose also responds to Fchlmg’s and Tollenr tests. 

TI» fon»aIion of .n acid fortber indicates that the aldehyde ^up i. p« 
Knt at the tenninal carton atom alnoe only an aldehyde can be cMily oxt 

dized to an acid. . - . 

4 . Wth acetic anhydride, glucose yields a pentaacetatc dcnvalivc. 
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C,H,0(0H),+5(CH,C0)*0 ► C,H,0(CH,C(X»,+ 5CH,C00H 

Glucose A pcntaacctate 

This shows the presence of five hydroxyl groups in glucose molecule. 
Since two — OH groups, if present on the same carbon atom, lose a molecule 
of water, knowing glucose to be stable indicates that each of the five non- 
aldehydic carbon atom contains one hydroxyl group. 

From the above information, the following structure can be formulated 
for glucose. 


O 

• * . . II 

HjC— CH—CH— CH— CH— C— 1 1 

ilfoir (iir in ok 

This structure was proposed by the great German chemist E. Fischer. The 
above molecule is chiral, it contains four asvmmetric carbon atoms, there- 
fore, it has 2*= 16 stereoisomers having this constitution. One uf these would 
bc(T ) — glucose, ft is customary to call the molecule a O — sugar if the 
hydroxyl group next to the bottom eaibim atom is on the right .and L — sug.ii 
if the hydroxyl group is on the left. D— and L — glucose thus have the fol- 


lowing aldehvdic structures; 



CHO 

('no 

Clio 

( no 

1 

H—C— OK 

HO— n 

t 

li— — C— "OI 1 

t 

HO-C— H 

nr)_c_n 

n— c— on 

1 

CH,OH 

j 

cnoH 

on 


O— f-f )— ’GKccra’- 

I — ( — )— "Olvccivi 

1 

» 

t 

dch>dc 

dch> dc 

if_c— on 

j 

no— c— H 

CdllCii R> 

mow caHcd S> 

Ch,oh 

t 

CTljOH 



1 lUCOhC 

1 — < - V— Glucose 




ft was suggested by RosanofTin 1906 th.at ( f ) — glyceraldchvdc be designated 
D--(-t >— glyccraldehvd'* and (—l—gljceraldchsdc be designated L — ( -)— 
givceraldehyde. These two compounds serve as configuntional standards 
for all monosaccharides. 

D—- and I.«~configurations are like R — and S— configurations in that 
they are not related to the optical rotations of the sugars to which they arc 
applied. Ali Dx-sugars have the same stereochemistry as D— (-f) — glycci - 
aldehyde at the asymmetric carlnm atom next to the bottom carbtm atom 
hugars with the opposite stereochemistry at this carbon atom belong to the 
l-~-fami!y. Natunlly occurring glucose is 100“,' D( *-)— >glucosc 
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24.3.3 C^ilc Stroctore of GIdcom 

Though the open chain structure accounts for many properties of glucose, 
it foils to accommodate the following observations i 

a . Glucose contains a — CHO group but it docs not condense with 
NaHSO, as aldehydes do. 

b . Two isomeric glucosides (« and p) can be obtained by heating D— 
glucose with methanol and a mineral acid. 

c. D— 'Glucose displays mutarotation, i.e,, when dissolved in water, 
its specific rotation changes from 4-11 3* to an equilibrium value 
of +52.5®, For L — Glucose, the value rises from 19® to 52.5®. 

ToIIens’ (1863) concluded that the simple sugars do not exist in the 
form of aldehyde.^ and ketones but as ring structures. There arc two lines 
of evidence to support a cyclic structure. 

First: Glucose reacts with just one equivalent of methanol to yield a 
mixture of acetal type products. This indicates that glucose itself might exist 
as a hemiacctal because it adds only one molecule of methanol. Ordinary 
aldehydes would require two molecules of methanol to form acetal. This 
is not surprising because compounds containing both an aldehyde and 
hydroxyl groups exist principally in a cyclic form, of the type shown 
below: 


hOChjCh^CH^CmO 



H 


In glucose also, the aldehyde and hydroxyl groups interact to form a six- 
membered hemiacctal ring. 

The reaction Involves the migration of one hydrogen atom from an 
alcohol group to the carbonyl group with the formation of a bond between 
the oxygen of the alcohol and the carbonyl carbon to give a ring structure. 
When this happens, the carbonyl carbon (Cj) becomes asvinmetric and two 
isomers are possible. These are called the a — and p— Rwms, 

Second: Another indication of the cyclic nature of i^ucose comes from 
the observation of another phenomenon known as muta|otation. 

According to this the two forms of ^ucose 1.— and D|~>, attain an equili* 
brium value of optical rotation when dissolved sepaiptcly in water even 
though they have dhTeirent initial values. The explanatkfi of mutarotation 
is tiurt the sugar exists fir solutkm as a mixture of two r«ig forms in equtli' 
iKtum with a eomparathrely small proportion of glucose in the open — chain 
or aldebydic form. The c^Hc structure thus can be reppesented as follows: 
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mO H 
2 ^ 

H-ic-OM 

hO~C-h 

,1 

H - C-OH 

hJc 

®CH20H 


« — D{+)— Glucose 


H . Oh 

5 1 'N 

H-SC-OM 

,1 

.1 

H-C-OH 

hJc 
®CH20m 


^D(+) — Glucose 


These two cyclic isomers differ only in the stereochemistry at carbon— -I : 
such isomers arc catted anomers. The — Otf in the a — form is written to the 
right while in the p— -form it is to the left. Haworth described the structures 
by putting the substituents on a simple planar hexagon as shown below: 



These arc called the Haworth projection formula and are known as pyra- 
noscs because of the presence of a st.x~- membered heterocyclic pyran ring 



)• «— D — ^Glucose is thus also called a— D-~glucopyranose and 


^~^^“"8lncose is called p— 1>— glucopyranosc. When drawn iu their chitir 
wnformatioos, the most stable conformation is that which has more of the 
^iky groups la c^ttatoria! positions. The pyran ring is not planar and the 
i^t form is eaergeiM^y less favorabk. The assignment of a cyclic struc- 
ture exflaiBS the fonnatioa of two giucosides on reaction with methanol 



H OH 

V 



! CII,OH 


« — D(4->-—GI1ucosc 


H* 


■> 



Vfcthyl «~D— -glucoiitlc 


Similarly the p—form reacts to give methyl— 'p~D—gIucositle. 

This concentration, however, i<s sufficient for glucose to show typical 
aldehyde reactions, yet i:> not sufficient for the SchilTs test. 

It may be noted that a glueoside cannot mutarotate because the alkoxyl 
group cannot convert into an aldehyde group as a hydroxyl group can. 

24.3.4 Fructose 

This is the most abundant of the ketohexoses. The name fructose is derived 
from the Latin word for fruit, fructus, the other common name for this 
sugar is, Levulose, indicating its levorotatory property. Fructose is formed 
along with glucose in the hydrolysis of cane sugar In the ficc state it occurs 
in fruit juices and honey and is sometimes also rcfcncif to as /ruU 

Preparation 

It is obtained by hydrolysis of polysaccharides, iniiJin («)btjined from dahha 
bulbs) in the presence of a mineral acid. The excess acid is neutrali/^cd with 

.11+ 

► nC,H,/V 

Ba(OH)g and filtered. The clear filtrate is concentrated and allowed to 
cool, fructose crystalli/es out 

Properties 

Fructose is a white crystalline powder and highly soluble m water. 

1. Esterification'. It forms a penta — acetyl derivative with acetic anhydride, 
as does glucose. 


Fructose+ 5(ClI,CO) .O 


ClIjOAc 

-> t -() j |CH,COOH 
(iflOAe), 
ijHjOAc 

i 

i'ructosc pcnttuicctate 


2, Formation of Fructosides: Analogous to glucose, fructose forms 
fmetoeide with CH,OH and catalytic amount of hydrochloric acid. 
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HCi 

Fructose *f CH,OH ► C,H„0,0CH,+H,0 

Fructosidc 

2. Rethtetion: Reduction of D— fructose with NaBH 4 produces D — ^gluci- 
tol and D—mannitol. 


NaBU4 

D-Fructosc — — ► D>glucitol -|-D*niannitoI 

4. Oxidation’. With bromine water fructose is oxidized to a mixture of 
carboxylic acids. 


OH 


cirpH 

COOH 

d'HCOOH 


1 

/ 

1 ructose ► <J(X)1 1 

. (CIIOH), + 

HOCH 


1 

\ 


<.<)01l 

CHCOOH 

1 

OH 

OI)Collic 

laitanc acid 

Tnthydroxialutani. 

acid 


acid 


Fructose IS a non-reducing sugai; unlike glucose it is not oxidized by 
Fehling and ToIIuns’ reagents. 

5. Reactions of the Carbonyl Function: Fructose reacts with HCN, 
HjNOH and CsH^NllNH^ in a manner similar to glucose. 


CHjOH 

\ 

/ 


/ 

O 4 HA 

Fructose 


HCN 




I 


\ 




CHgOH OH 

c 

CN 

Fructoc) anoh> drin 


( H 3 OH 

\’-.= NOM 
Fiuctoxinitf 


Osazone formation takes place with three molecules of phenylhydra/inc 
similar to glucose. 
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CH,OH 

c!.o 

(iHOHX 

cSh^oh 


CgH^NIINH, 


-H,0 




CH.OH 
c! NNHC.Hj 
. HOH), 
in.OH 


C,H„NHNIl, 

— j 

-CjHjNH, -NH, 


CHO 

I ^NNHQHs 
I 

tCHOHX, 

OHjOH 


CH-=.NNHC,Hs 

i-.NNHQHj 

C.HjNHNH, I +H,0 

(CHOH), 

C?HiO» 


This osa/one is identical to that formed from glucose. 

6. Fructose, though it contains a keto group, dilTers from ketones in 
many respects, for instance, it does not add op NaHSO, and it mutarotates 


24.3.5 CoDstitutioa of Fructose 

1. The molecular formula of fructose from molecular weight determina- 
tion is found to be C«Hi,0„. 

2 Presence of a Straight Chain: Fructose, on reduction, forms a mixtuie 
of polyhydric alcohols namely sorbitol and mannitol. Subsequent reduction 
of alcohols with HI P yields 2 — lodohcxane. This shows that the carbon 
atoms arc arranged in a straight line. 

Presence oj an a keto group: Several chemical reactions indicate the 
presence of a keto group. 

a It adds on HCN and H,NOH. 

b. On oxidation with Bf] water or nunc acid fructose gives a mixture 
of carboxylic acids i c., giycolltc, and tartaric. Since each contains fewer 
carbon atoms than fructose, shows the presence of a keto group in the chain. 

c. The t.yanohydrin of fructose, on reduction with ill P followed by 
hydrolysis forms 2-— methylhexanoic acid 

CH,OH OH CH3 II 

HCN \ / HI/P \ / H+/H,0 

D — I ructose *• C — C 

/ \ / \ 

R CN R' CN 

R«C»HoO, 

CH, H 

y 

R'^ '^COOH 


2 — MethyilMxaaoIe acid 
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Since the carboxyl group in the resulting acid is present at the 2 — position, 
therefore, the carbonyl group lies adjacent to a tcrnainal carbon atom. The 
nature of the remaining car^h atoms is established by treating fructose 
with acetic anhydride. 

4. With acetic anhydride, fi uctose forms a pcntaacctyl derivative. Thus, 
tike glucose, each carbon atom cariies one — OH group. Keeping the above 
facts in mind, the following linear structure can be formulated for fructose 


HOCH,— 



OlldnA () 


Fi uctose is an optically active compound; it contains three asymmetric 
carbon atom, therefore, it has 2* 8 stereoisomers The natural sugar is 

D-(— ).fructose and has the following structuic 


CH,OH 

c=o 

H—C'— t)M 

1 

H— C— OH 
(!:h,oh 

u (-j — 


The open>cbain structuic of fructose is similar to glucose and is useful for 
understanding many aspects of carbohydiate chemistry but it leaves many 
questions still unanswered, for instance: 

a. It docs not add on NallSOj us ketones do 

b. It shows mutarotation. 

c. Like glucose, it forms two isomeric iructosides Fructose displays the 

phenomenon of mutarotation, «-D — fructose and ^I>~fruc< 

tose [a] =. — 14<|P, when either the « — oi the p— form is dissolved in water 
an equiiibnum optical rotation of {«] — 93^ is obtained. 

This baa been accounted for on the basis of a ring structure for ft uctose. 
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These two cjtitc isomcis ilifitr only in the stcreoehcmistiy at C — 2 D — 
hructosc foims two htmtkctaU a six>in<.mbcre(.( pyranosc foira and a ftvt- 
membered furanose form and each of these has*- and ^ — forms These art 
represented below 



«— IX — t — I rutlooianoa ^ -iJi— > — i luvtopvi most. 


Only oils. t)f thvsc fruttopyranosc so lai has been isolated and it has 
been assigned the ^ contiguiaiion These struvt tires may be drawn in then 
tiuc shair forms as follows 



* 

ot— ~Di -hiuvtopyranose p— !>(— y— fAictopyranoss 


The fructofuranoses are unstable, except in the form of their glycosides, 
i.e.. D— fructofuranoac is present m cane-sugar and inulm. The fructofura- 
iioskfes have the following cyclie structures: 
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Weih)!!— 2 — 8t— D-Fructofuranosidc 2-p-D— Fructofuranosidc 

24.3.6 Cooversion of Glocose into Fructose and vice verm 
Thcac conversions can be brought about by the following sequence of reac- 
tions. 


CHO CH-NNHC\H, 

I iC,H,NHNH, I 

CJfOH > CH NNHQH- 

I i 

(C’llOH)^ (CHOU), 

I I 

(M.t'll CH,0» 

Ctlucosc 


CHO CH,OH 

I Zn dll HCI | 


C -O 

1 

■— >C O 

1 

CHOH), 

tCHOH)j 

1 

1 

CH,OH 

CHjOH 


t rutlu>c 


CHjOH 

CHjOH 

COOH 

1 lUNi 

1 HNO 

j 

C--^(> ‘ -> 

CHOH 

CHOH 

1 ^Redn) 

j Oxi 

i 

(CHOH)i 

j 

(CHOU), 

(CHOH), 

CHjOH 
\ ructosc 

^H,OH 

in, OH 


() 

C O CHO 

(CHOH)* , inoH 

A, Idctoni/ation I , Na Hg 1 

— ■ > ■ CH ' ► (CHOH.> 

- MgO 1 Rcdn 1 

CHOU CH.OH 

i 

CH,OH 

A lactone O income 

24.3,7 AMendias Doscending tlie Monosaccharide Series 
The KUiani^FIse/ivr reaction enables us to convert an aldose into the next 
higher member. This cbain*cxtcn.sion involves the addition of HCN to the 
aldehyde group, ft is then hydrolysed to aldonie acid. This is followed by 
lactonizatioii and reduction with Na/Hg. 
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CHO 

(inOH), 

CHpH 


HCN 


Aldopentosc 


CN 

COOH 


(l)Ba(OH), 1 

CHOH 

> CHOH 

1 

(ii) H+/ICO 1 

(CHOH), 

(CHOH), 

(inpH 

inoH 


A 


> 


-H,0 


O 


C 

I 

(CHOH), 

iff 

<!:h,oii 

A lactonv 


-O 


Na Hg 
>■ 


CHO 

inoH 

I 

(CHOH)j 

CHpH 

Mdohcxosc 


This step can be employed to extend the chain upto ten c.irbon atoms. 

The reverse conversion, i.e., shortening of the chain can be accomplished 
by a process known as the H o/il's degradation. The aldose is lirst converted 
into the aldoxime, which on treatment with acetic anhydride is convetted 
into the acetylated aldonitnic The ester groups are removed under basic 
conditions and the cyaoo group is decomposed to the concspondiog 
aldehyde 


CHO CH NOIl 

J HjVOit I 

CHOH *. CifOlf 

(inOH), (CHOH). 

[h,oh ch,oh 

Aidobexose 


^ 

NdOAt 


C N 

I 

HCOAc 

I 

HCXOAc), 

tupAc 


NaOCH^ 

CHClj 



CHO 

NaCK H, I 

CHOH + Ct^OH+NaCN 

(ilOH), 

<!h,oh 

Aldopcnfose 


A second procedute called Rttff'i M^hod may also bo employed for 
^ moaosaaahafideg. The aldose is first hydrolyzed to 
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an aldonic acid and the calcium salt is then treated with Fenton’s reagent 
(hydrogen peroxide and ferrous acetate). Water and carbon dioxide are 
eliminated and a lower aldose is obtained. 


CHO 


H—C—OH 
HO_i— H 


H— ( 


coon 


0x1 


OH 


H-C— OH 
I 

CHOH 
U— -Glucose 


► HO— i— H 

HOfir I 

H— C-OH 

I 


COOH 

—OH C O 

< a salt +HgO,/Fe+ j 
► HO— C— H 


H-i 


H—C—OH 

I:h,oh 


—OH 

I 

H— C— oh 

i:H,OH 


CHO 

HO— C— H 
A 

■ ' * H— C“~OH 

-'CO, 

H— C— OH 

i 

C-Hpil 
D— Arabinosc 

24.3.8 Other Important Monosaccharides 

Several additional important monosaccharides are the following: 

iy-—‘Rtbo.\e‘. Us hemiacctal form is related to a furan ring thus it is called 
a furanose. 


CHO 


lie— OH 

vOv 

I 

HOHaC/ XOH 

H— C— OH 

1 


HC— OH 

Vh 

j 

CH,OH 

II 

Oh uh 

D— (— )-Ribosc 

D — ( — VRibofuranosc 


J>—‘A/aiutose: Mannose occurs in the seed case of ivory nut and in the 
grains of barley and wheat. It is a crystalline substance and has a sweet taste. 
It is an optical isomer of glucose and differs from it in its configuration at 
C— 2. Therefore, glucose and mnniiosc are cpimers. Mannose forms the 
tdme osaasone as glucose. On reduction D— mannose forms mannitol. 
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CHO 

ho-A~h 

HO-J:— H 

u—l:— OH 
in, OH 

I + )~Mdnnose 




^ Dt.-(-)>->bfannosc 


/> — Ualcutow: Like D—Mannose it »s also an optical isomer of glucose. 
Galactose and glucose differ in their configuration at C — 4 It occurs in 
nalare m the form of polysaccharides, i e . milk sugar, (t is a ciystallme 
substance and on oxidation yields muetc acid. 


CHO 

h-<:—oh 

I 

HO—C—H 
H()— G-H 

I 

H—C— OH 

( 

. CH,OH 

D~— ( t )— Galactc*© 


t OOll 

I 

H—c—oir 

HO—C— H 

flO— C— H 

! 

I 

COOll 

Muttt at.ii 


24.4 MliTAKOTATION 

Glucose exists in two steicoisomci ic foi ms namely the or — and the .i—forms v 
Pure «— -form (crystalii/ed from methanol) when dissolved in water has a 
specific rotation of f 1 13”. The ^—isomer (crystalli/ed from acetic acid) on 
dissolution in water shows a rotation of + 19”. But over a period of time 
both give an equilibrium value of 52. S”. The phenomenon of change in 
specific rotation is called mutarotathn. To account for this observation a 
cycifO structure was proposed for glucose in which the opipn-cham structure 
forms two anomeric hemiacetats (sec p. 675) with the —OH group present at 
C--5, Either of the forms establishes an equilibrium composed of 3f 4% of 
the and 63.6% of the p— form of glucose, The ald^ydic open-chain 
form of gtueme is present in very small (0.1%) at any tu4e. 

Mutarotation is catalyzed water. 

Mechanistically it is a concerted process and involves the removal of a 
proton from the acetal hydroxyl and donation of a proton to the ethereal 
oxygen atom. This is shown beh>w , 
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Mutarotition is catalyzed by a solvent possessing both acid and basic pro 
pcriies such as hydroxypyridine. 

24.5 DISACCHARIDES 

A disaccharide is made of two monosaccharides linked by a glycoside bond 
formed from the OH group of one monosaccharide to the anoraeric carbon 
of the other. 

This is also referred to as the p — linkage (sec diagram on p. 682) The 
imi*s can also be linked by an « — glycoside linkage (see diagram on p. 682). 

The most important disaccharidcs of interest are sucrose, lactose, maltose 
and cellobiosc. Only the first three occur free in nature. Disacchari Jes arc 
also classified into two types, i.e.. reducing and non-reducing. 

24.5.1 Sucrose (Non-reducing) 

Sucrose is commercially the most important of the disaccharides. It is the 
sugar used by millions cvciy day to sweeten fossd It is obtained from .sugar- 
cane which contains 15-20®f, tif sucrose. An alternatise source is sugar 
beets which contains 10- 17“' of sucrose. 

Manujintufi 

For sugar manufacture, fresh sugar-cane stems are crushed in crushers to 
obtain a juice which is usualls opaque and dark in color. The begtisse is 
dried and employed as fuel. The juice is purified either by using milk of 
lime follow cd by treatment W'ith sulfur dioxide (sulfonation) or with carbon 
dioxide (carbonation) It is then filtered to remove the suspended impurities. 
The juice may be filtered through activated charcoal to obtain a colorless 
produc't. The clear filtrate is then coneentrated by multiple effect evapo- 
rators. The syiup so obtained is then boiled in vacuum pans’ till formation 
of sugar crystals commences. The sugai ervstois along with the mother 
iiqiior (molasses) are ccntrifugvd to separate the cry’stal.s. These ciystals 
arc usually spiaycd with cold water to remove the last traces of moIasscs 

Propvnh's 

Sucrose is a colorless erystaliine substance, hij^ly soluble in watci, but in- 
wluble in meet organic solvents It contains one unit each of glucose and 
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1') — oiucoic « — Glycoside bond 
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frocto&e which are reducing while sucrose itself is non-reducing because 
both anomeric carbons are linked in the acetal form, sucrose does not 
routarotate or forms an osazone. These facts rule out the presence of a 
bcmiacctal function. It also does not possess properties typical of 
monosaccharides, i.e., it does not reduce Fehling solution and does not 
form an osazone. 

1. Hydrolysis: The optical rotatory properties of sucrose and its hydro- 
lysis products are of interest. Hot dil acids hydrolyze sucro&e to a mixture 

•of equal amounts of D— -fducose and D — fructose. The rotation of (-{-)- 
sucrose i-s -f 65*. Since t>— Fructose (—92*) rotates the plane of polarized 

HjO*- 

> C,H„0, -i- C,H„0« 

Sucrose D-— Glucose D— Fructose 

{«Jn-+«5.(5* f«l 0 - + 5.t* [*I— 92* 

mp-118— 1W*C mp-146*r m p. -102— 104*0 

light to the left (— ) to a greater extent than D— glucose (+53*) docs to the 
rigi't t-| ), the mixture of sugar produced is slightly laevorotatory. The 
original sucrose, however, was dextrotatory. Thus during hydrolysis the 
optical rotation of the solution has undergone an inversion or change in 
optical rotation from dextro to laevo. The mixture of sugar produced is 
known as invert sugar. This is summarized as follows: 

Inversion 

Sucrose — — — v D — Cilucoso D — Fructose 
(-4 (tl (-1 

4 - — ■ - ► 

Inwrt sugar i — ) 

This mixture of sugais occuis e.xtcnsivciy in honey. 

2. Oxidation: Cone nitric acid oxidizes sucrose to oxalic acid, 

t)v. /<:OOH\ 

1-6 1 ) i 5H,0 

VCOOH/ 

3. Dehydration: In the pres'mee of cone, sulfuric acid sucrose lo<es 
water to yield black carbon. 


Conv H,St)4 

CiAtOt, 12 C+ 11 H ,0 

4 . With ctNic. hydrochloric acid sucrose decomposes to laevulinic acid 



f9S A T«3rtbaok of Organic Chemistry 


O 

11 

(CH,CCH,CH,COOH). 

5. Fermentation. An aqueous solution of sucrose in the presence of 
yeast yields alcohol on fermentation 


Yeast Veast 

CijH^On+HiO >. Glucose 4- Fructose > CiHjOH I COj 

6 Esterification The eight hydrovyl jroups of sucrose can be csteriiied 
with acetic anhydnde. The resulting compound is insoluble in watci and 
has a letter taste 

7. fion-ionic Detergents Esterification of only one hydroxvl group with 
a long'Chain fatty acid serses to make sucrose a non-iomc detergent This 
detergent is bio-degraditble 

24 52 Constitution of Sucrose 

The structure of sucrose has been deduced tioin the following mfoimation 

1. The molecular formula of sucrose has Ken found t«) be 

2 Hydrolysis of sucrose yield, equal amounts of glucose and fiuctosc 
This shows that these two units arc linked together though an oxygen atom 
Sucrose IS a non i educing sugar^ the two units are thus joined in such a 
mannet as to destroy the possibility of fcming a free aldehyde oi keto 
group 

3 Esterification with acetic anbvdridc shows the presence of eiglit hy- 
droxyl groups Sucrose consists of one molecule of « — D — glucose and one 
molecule of p—D— fiuctosc linked by the two glytosidie hydioxsl groups ai 
C, of glucose and C, of tructose molecules Its structuic is shownbelow in 
both the methods of representation 


H-c 

I 

H— C-Oh 
1 

» 

H — C--OH 0 

«_i— I 




HO 


I 

- r\ 




) 

r 


H 


» 


i 

t 

c 

J 
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a — D — Glucopyranose ? — D - Fructofuranose 

Sucrose is thus au «--I)-gIucopyranosyi-p — D— -fructofuranoside 
24.5.3 r.actose (reduciDg) 



D— Galactose D— Glucose 

? — (+)— -Lactose 


Lactose occufit m the railk of virtually all mammals to the extent of about 
5 per cent. It is formed from D- -galactose and D—glucose and the glycosi- 
die hydroxyl group at C, of D —galactose is linked with the alcoholic hydro- 
xyl group at C 4 of D—glucose Lactose is, therefore, 4 — ? — D— galactopyr- 
anosylD — giua>pyranosc It reduces Fehling’s solution and forms anosa- 
iM}nc. Oxidation with bromine txatcr leads to a carboxylic acid which is 
liydrolyzed to galactose and gluconic acid. Therefore, the reducing group 
IS present in the glucose unit of lactose. 

24.5.4 Maltose (reducing) 



0 -— Ohicose r>— Glucose 

« — (+y— 'Maltose 
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Maltose is obtained by the partial enzymatic hydrolysis of starch by the 
cn/yme distase. It occurs as an intermediate in the preparation of ethanol 
by the fermentation process. Fiist .starch is hydroly/ed by the enzyme dia- 
state to maltose which is hydiolyzed in turn to D — glucose by the enzyme 
maltase. Glucose is Ihtn fermented by means of yeast tt> give ethanol and 
carbon dioxide. Maltose consists <if twol> — glucose units. The oxygen bridge 
in maltose joins the Ci of one unit with Qatom of the second unit. Con- 
sequently, the glycosidie 1 -hydroxyl group ofthe second molecule of glucose 
IS fice. It is thus 4 — (a— I) — gUkopyumossl) — D— glucopjranosc. Maltose 
reduces Fehling solution On oxidation vsith bromine water it is converted 
to a raonocaiboxylic acid. i.c.. maitobionic acid (CnHgiOjiCOOH). 

24.5.5 Cellobiose (reducing) 


e 




d t + i — I clk'1'’i >0 

It is obtained by the acid cata!\/cd hydioh -is of cclliiltisc (loi'on nbres) 
followed by alk.ilme hydrolysis of the <Kta.uvia:c formed It is similar to 
maltose in its properli.*s. except that it is no* .ifTectcd by the en/yme 
maltase It consists of two I) ghuos. fiiii' ii'Uitvd at 'he C 1 and C-— 4 
hydro.\yl groups. To rcpicscnt ap}irop.i,itc attaihnicnt of a 'i— linkigeto 
C' — 4, it i> necessJis to flip one 9 — gliKi sc ut it thiough 15*0". , 

24.6 POLYSACCHARIDES 

Polysaccharides are natural polymeis. These aie high molecular weight 
molecules made up of inonosacchat id'* . (\'> gliiovc) linked together through 
oxygen atomsto Joimchainof vai,-.ingleii>}ihs 'Ihe monosaccharide units 
are linked by glycoside link tee- As a cl.<s> they occur widely m plant.s 
and animals; and some s,*ivc .is rcseivv lor fo<id si^pplics Iwoofthc 
importut polysaccharides are staich and c.llulosc botp of which cun be 
leprcsented by the general formula (CsH|,Oj),. Poly.sdcchiiiides do not exhi- 
bit the characteristic teactions of the aldehyde group 

24 6.1 Cellolose 

Cellulose is widely distributed In plants and is the chief constituent of the 
cell walls of plants and a man constituent of cotton, wood, corn cobs. 
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paper, straw and many other substances. Leaves have about 10% cellulose, 
wood has about 50%, cotton 90% and filter paper consists almost entirely of 
cellulose It yields glucose on hydrolysis. Partial hydrolysis, however, yields 
the disacchaiide. cclloblose; thus cc!U)biose is the structural unit of the 
cellulose polymer. 

The molecule has a linear chainand the structure is shown on the next 
page. Cellulose is a coloilcss solid. Although it contains so many hydroxyl 
groups It i*. insoluble in water. This is attributed tt> the fact that its linear 
closely p.icked stiucturc is formed thiough hydrogen-bonding which makes 
interaction with water difficult. The human digestive ti act breaks down 
starch to glucose, but it docs not contain the necessary en/ymes to hydro- 
lyze the '1 I'lueose linkages and thus celiuluie is not used as a food material. 
Vauous derivatives of cellulose namely cellulose nitrate and cellulose 
acetate find many coinmcicial uses 

24.6 2 Starch 

Staich is a polymei of gluc.>se and i>ccurs natuiallv as granules in the roots 
s , •>, and stems of vaiious plants It eomptl^es a Luge percentage of 
potatoes cereals. lice, and bailey. Starch constitutes the mam caibohyd- 
t.ii, re‘cf\e of plants The animal starch is called glyiogen. Paitial 
hydioivsis ^<f staich yields maltose while complete hydiol\si.s ciihei 
en/vmatically or chemically forms D — gluco,se. The hydrolysis lakes place 
through destitn (the polysaccluiiutes of intermediate chain length that 
ate tonne, i fiom irch components by the action 


H/>' H,0+ HjOr 

Starch dextrin ► maltose > glucose 

of amylasc' are eallcd ciextuns). .Starch is not a single substance but con- 
sists of two main types of po)y>aech.iridcs, amylosi and atmlppcctin. These 
two poitions can be scp.ii.itcd by fiactionating staich with hc*t w.iter. 

Amylou constitutes 20",. of starch ,ind is sparingly soluble in hot water. 
It consists of iinbranc hed chains, and the glucose molecules arc linked by 
«~glucosidic linkage Jit C -1 and C— 4 atoms (p. 690k 

AmyloiC is tespo-',ibU f*)r the blue color of the starch iodine test 

Amyhpictur. Staich giunulcs comprise about 13%ofamylopcclia. It is 
a highly branched molecule and hasun average molecular weight of over 
million. A partial structure is given on page 692. 

Bci^Qse of its branched structure, starch is not suitable for plastics and 
fibres like cellulose. It is, however, useful as food because ammaN have the 
enzymes necessary to break the «--gUicosidc linkages. 
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24.6.3 Other Inportant Polysaccharides 

Glycogen: Starch is a major nutrient for animals, it is converted to (+)- 
glucose by animal metabolism. Glucose is repolymerized to form glycogen 
in the liver. It serves as a reserve energy source. Glycogen consists of 
branched chain of glucose molecules. 

Imlin: It is another reserve carbohydrate of plants It occurs in dahlia 
bulbs' and in Jerusalem artichokes. 

Chitin: It is the structural material of lobster shells, insects and fungi. On 
heating with dil. hydrochloric acid, chitin breaks down to D — glucosamine 
and acetic acid. 

Agon it is obtained from seaweed, it is used in biological labmatories to 
grow columns of bacteria. 

24.7 ARTIFICIAL SILK 

Natural silk is obtained as a secretion fiom the silk worm in the form 
of a filament. This type of silk is a protein mateiial and contains nitrogen. 
Artificial silk (rayon) does not contain nitrogen. Veiy important commercial 
products are obtained from cellulose lirsl by dissolving It and tlien preci* 
pitating it from the solution. This is accomplished by two methods namely 
the viscose or the xanthate process, and acetate process. 

Viscose Procesw Cellulose is separau-d from wood pulp with the help ot 
alkali. This is allowed t.) age during which time the molecular weight is 
reduced due to degradation. Then carbon disulfide is mixed with the pulp 
to convert cellulose into sodium salt of cellulose xanthate. A viscous 
solution is thus obtained and is called viscose. 


c rowit 4- - 
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This la again allowed u> age .ind then drawn into filaments b\ passing 
through u bath containing dil. sulfuric acoi. sod. bisuifate and zinc sulfate. 
The xanthate is hydroly/ed back to cellulose. The tihic so obtained is called 
viscose rayon and is used in text. s. 

Acetate Process: Cellulose esters arc more important nowadays. In this 
case, the cellulose is treated with acetic anhydiide and a caUilytic amount 
of a mineral acid, to obtain vary ing degrees of cellulose acetate. The desired 
degree of substitution is obtained by reacting the fully acetyluted product 
with water. 
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^C,2H,i,0^(0H)5 ^.|^H|^04(0 Ac)^ (OH;^ 


A mild hydrolysis yields a completely acctylatcd cellulose called triacetate. 
A further hydrolysis yields a piodua soluble in acetone and is called a 
secondary acetate. Both these products are used in making fibres. 


QUESTIONS 

24 . 1 ix-scribe each of the following with a suitable example- 
Mutarotation, a glycoside, Fehling test, pyranose, hemiacctal, 
amylose, and anomers. 

24.2 Define each of the following and gi-o a specilu example and write 
the structural formula- 

A ketose, pentose. osa/< nc. di lechaiide and hexose. 

24.3 explain by writing a formula, what is meant by the teimD — sugar 

24.4 What is invert sugar and why is u so named/ 

24.5 How would you establish that the reducing patt in lactobc i\ the 
glucose molecule'.’ 

24 6 Explain why, although c llulose contains so many - OH groups, it 
IS insoluble in watci . 

24.7 Draw th; most fuVvttable chair foim for j. -D — glucopyranosc. 

24.8 Compound A, Cei[,P(.. reduces Fehliiig solution and is optically 
active. It also respoiufs to the following reactions: 

IKS ll>.tt.)lvs.. 111. I'. A 

(A) ► V 2 Methylhexanoic acid 

(A) D— Gluco^sizone 

Suggest a structure for A. 

24.9 Explain why maltose and lactose are reducing hut ^Ue•ro^e is non- 
redueing. Use the structural formulas. 

24.10 (a) Write the gencial atuicturc of the celluh'se molecule. 

(b) W’hat IS the main dili'erencc between ci llulose and ainylose.’ 

(c) Why is starch but n st cellulose digestible by humans'.’ 

24.12 Name a polysacchaiide that gives only glucose when completely 
hydroly/cd. 

24.13 What arc carbohydrates and how arc they classified? How does 
sucrose occur in nature? (iivc one method for its large scale 
prepatatiun. How is it related to glucost? What tests would jou 
perform to distinguish it from glucose and fructose.^ 
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24.14 How is fructose prepared? JBstablish its structuie. How is it con- 
verted into glucose? 

24. 15 Write an account of the methods for the convertion of an aldose 
to a ketose and vice versa. 

24.16 (a) What are carbohydrates? What are their irapottances? How is 
glucose related to cellulose? 

(b) Discuss briefty the structure of glucose. 

24.17 (a) What are carbohydiates and how arc they classified? 

(b) Show the series of reactions one would use to convert; 

(0 aldohexose into aldopcntose and vice versa 
(ii) glucose into fructose and vice versa. 

24. 18 Describe the evidence which indicates a cyclic structuic for fructose. 

24.19 (a) Give in biief the reasons how the open-chain stiuciure of 
glucose was found unsatisfactory / 

(b) How will you prove by using a classical inethixi that the fruc- 
tose component in sucrose has the furanose form ' 

(c) Mention two methods for methylation of sugais, stating their 
advantages and limitations. 

24.20 (a) Outline the various steps in the inaoufactuie of sanc-sugai 
from sugar-cane. 

(b) How can the following conversions be carited out ' 

(i) a pentose into a hexosc 
(ii) an aldohexose to a ketohexosc 

24 21 Why is inutarotation catalyzed by hydroxy pyridine but not by 
pyridine alone? 
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Alkaloids 


The term alknIoiJ is not an easy term to define with precision but it may be 
said to include all basic nitrogenous compounds which occur in plants and 
possess physiological properties. Because of their physiological properties, 
many alkaloids form an important group of otganic medicinal chemicals. 
The firs,i alkaloid was discovered by the German pharmacist Sertumcr 
(1805) who isolated morphine fioni opium. He subsequently described it as 
a basic, salt forming substance having the principal physiological action of 
the drug. The discovery of morphine was quickly followed by the isolation 
of othei alkaloids chiefly by Pelletier The first solatile alkaloid, coniine 
was isolated in 1827 and nicotine in 1828. A large number of chemicals 
tesembling alkaloids, but not found in plants, have been prepared in the 
laboratory and closely icsemblc many of the naturally occurring alkaloids 
in constitution and physiological action. Naturally they occur in nearly all 
parts of plants, but paiticuUuly in seeds, roots, leaves and barks. Alkaloids 
arc basic in nature and the nitrogen atom is often a pait of the hetero* 
i.>clic ring system. Chemically complex though alkaloids arc, their study is 
aided by the fact that they arc either ciystallinc or form salts which crystal- 
lize well and can be scpaiatcd by standard methods. Alkaloids are also 
optically active and form precipitates with many reagents, some of which 
%ie given below: 

■iuric CMoriJv. Auric cblonde combuies with alkaioidal hydrochlorides 
to form well defined crystals of aunchloridcs. These arc sparingly soluble 
m water 

tiisntuth Potassium Iodide (Krauf'i reagent): it forms a brick red color and 
is used to isolate simple water soluble bases 

fodine {Wagner's reagent): Iodine added to aqueous potassium iodide is 
the most useful reagent. In very dilute solutions a reddish— brown precipitate 
IS formed, which in strong solution aggregates at once to a greenish — black 
mass. 
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Potassium Mercuric Iodide {Mayer's reagent). The reagent is prepaicd by 
adding Kl to mercuric chloride until the mercuric iodide first piccipitated 
rcdissolves. This is the best reagent for detecting alkaloids In dilute solutions 
an opalescence is obtained, while In conoentiated solution, a yellowish 
white flocculent precipitate is formed. 

Picric Aiiih Picric acid precipitates alkaloids as piciatcs liom solutions of 
alkaloidal salts and these may often be ciystalli/cd. 

Alkaloids are classified chemically atcoiding to the htierotyiln. iing 
picscnt in them, such as pyridine alkaloids, quinoline alkaloids, isoquino 
line alkaloids indole alkaloids, etc. Some alkaloids may be classified under 
more than one of the abuse ginups oi under nddiuonal groups Atiopino 
and cocamc contain both a p>roiidinc and a piperidine ring 

24. 1 OCCUBRfiNC £ OF A 1 K \L01DS 

Plants arc the mam sources of alkaloids They occur in the K i\cs, SvcUs, 
roots and barks of a laige \ancty of plants The alkaloid content of plants 
vanes with its locality and the climate Closely related alkaloids olien 
occur together in the same plant Some plant sources of alkaloids aic 
listed below 

Nicotine — occuis in tubas co plants (2 S . » 

Quinine — bark of cinchona trc*e 
Coniine —seeds of hemlock het b 
Cocaine — in coca 
Morphine —opium popp> 

Piperine —in black pcppct 

25.2 NOMENCLAIl RL Of ALKALOIDS 

Simple alkaloids such as coniine, nicotine, etc , thimgh they can be named 
according to the lUPAC system, are usually known bv then tiivial nam^s 
On the other hand, the vomplex alkaloids like murphnic, cocaine, lescrpiiK, * 
etc., arc known by their common names only I hese names are based cithei 
on tbcir physiological action or their chemical stiucture. 

25.3 PHYSIOLOGIC AL kCITON OF ALKALOIDS 

Alkaloids aie widely used as drugs and possess prunuunced physiological 
pioperties. 



Nicotine (Pyridine iingi 
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ft is highly poisonous and is used as an insecticide, ft increases the heart 
beat and has no therapeutic value. 



Ouininc (Quinohne nng) 

Ii i' widely employed in the ticatmciu of malaria. 



llie eigot fui.pu, produces the trgot alkaloids of which lysergic acid is the 
best known. The dinicth>Iaiiiide of this acid does not occur naturally and 


H3CO 



Reserpin (lodole ring) 
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isi known as LSD. It is haliucinogentc and causes a physiological state 
resembling schizophrenia. It is useful in the study of mental disorder. 

Reserpine isolated from Rauwolfa surpentim which grows widely in the 
foothills of the Himalayas, has been used to treat snake bite, epilepsy, in- 
sanity and as a tranquilizer 



It u used as analgesic or pain killer and as a sedative. It has a deprc,sani 
action on various parts of the nervous system 



Cattemc (Pyriimdine and iin*da/olci 
It IS a heart stimulant and affects the central nervous system 



Cocaiiw (Tropacw ringi 
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It is toxic and ui small doses is used as a local anesthetic. 



H 

Coniine (Piperidine ring) 


It is the active principle of water hemlock. 
CH 3 



Atropine (Tropane liog) 

In dilute solutions it i.s used in ophthalmic e.xaminutioo since it causes a 
dilation of the pupil. 



I 

H 

Pislocinc (Indole ring) 


It possesses hellucinogcnic' propcitics 



Papavcflae (Isoquiootino ring) 
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ft is used as an antiplassmodic for smoothcntng muscles. 



It is used for resolving racemic acids, ft is lo.xic and produce.^ painful 
convulsions. 

25.4 ISOf .\1 (ON .\N1) STRUCTURE DETERMIN \TI()N OF 
Af.KAf.OlDS 

The pulverized plant ni uciial is extracted with an a< id to isolate I'le all .• 
loid. The extiact is treated with .in a'k tli t>^anstic soda or anunonia) 
release the ftee base.s. Puiificatum can then be aiUct.d byanyoftliegtiKial 
methtxls such as cr.' stalli/ation, distillation oi chu'inatoguphie technique. 
Sometimes alkaloids are precipitated from their olulio!.' in the foini •'( 
insoluble salts or complexes by reagents stub as plvtic a«.id or na'ieois 
salts. 

Alkaloids being chemically coniples theii stnutitr.d asMgnttunt is >■. 
complished by a eareful examination of thtir clicmical prop.rties and 
specti oseopic examination. Some of the gciuial mstlunis aie ’ 

below 

1 . MoU'cular Formula: Elemental anal) sis and molecular weight Jctci • 
mination are carried out to sibtain the molecular formula. 

2. Functional (Jroupa. The nature*if the functional group isestablishcd 
by performing indisidiial tests for each group 

a. Nitrogen Functional Orottpi : Nitrogen may be present in one td' 
several types of functional group. 

Amino group: This may be confirmed by its reaction with acetic anhyd- 
ride or benzoyl chloride. 

AmUe group: Products of hydrolysis, particularly evolution of ammo- 
nia gas indicates the presence this functional group. 
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N—methyl group ; Formation of methyl--, dimethyl — , or trimethyl — 
uminc on distillation with KOH indicates an N-methyl grouping. 

b. Oxygen htnct'mial Groups: Oxygen atom may be present in the 
form of the following types of functional groups. 

Hydroxyl: It can be detccte<l by acetylation or benzoylution as in the 
case of amino group. 

Phenolic- -OH: Solubility in KOH and a characteristic color with FeClj 
solution indicates a phenolic — OH. 

Alcoholic — OH: Dehydration takes place in this case with cone, sulfuric 
asi<l. 

Ctnboxyl: This group is detected by its Solubility in NaHCOj. 

> Uer: The hydrolysis produsts (asid-i alcohol) are identified. 

Meihoxyl: The prcseme and number of methoxyl groups is established 
by the /> According to thi.s the alkaloid i.s heated with com. 
HI. The mctho.xyl group is conveited into CH 3 l which is absorbed in 
alcoholic silver nitrate si-Intion and AgT is precipitated. From the amount 
ot \gl formed the mmibei of methoxyl gioupsis established 

3. I nsaturutioiK Presence of uiisaturation is detected either by broini- 
nation or catalytic hydrogcn.jtion. The latter method also determines the 
iviinbcr of d<*uMc bonds in the molecule. 

4. Degradation. Alkaloids being cMinplex molecules, they are broken 
chemically into simpler fragments These units are then identified and the 
struetuic ol the .ilkah'id lormul.itcd. Some of these techniques are the 
following: 

a. Hydrolysis- An alkaloid containing an amide or ester function is spin 
into two fragments, foi instance: 


U 


H,0 H- 

C„H.,(»,CNC ,11,3 ► C,v1LO,COOH-fC,H,oNH 


Pipcric aciii Pff>cn\linc 


These hydrolysis products, after characten/ation. give a prcitv good idea 
about the structure of an alkaloid. 
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b. Oxidation: Depending on the oxidizing agent, a variety of products 
are obtained when an alkaloid is subjected to oxidation. 

c. Distdiation w/r/r Zn Dust: Dehydrogenation takes plate according to 
this method and a basic skeleton of the alkaloid is obtained Morphine, foi 
example, yields the parent structure, phcnanthrenc. while reemene gives 
pyridine. 

d. Exhaustive \fethylation: A fair amount of information about the 
nature of the heterocyclic system is obtained from this method. The alkaloid 
IS repeatedly treated with CH^I and AgOH heated. The jinai product so 
obtained is free of nitrogen This is illustrated by the following examples* 
N — ^methylpiperidine yields pipcrylcne 



AgOH 


/ \ 

CH3 CHj 


Q- 

CH5CH3 




N Methvlpiperidim 



Similarly, a diene is obtained in the following case 




3. Synthesis: The structure is further examined on th* basis of spectral 
analysis and confirmed by its syntheala starting from simple materials. 

Wc will now examine the constitution of several alkaloids 
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25.5 NICOTINE 

It is the principal alkaloiil of tobacco leaves and occurs to the extent of 
0 5 — 8%. The smoke of a cigarette can yield 6 — 8 mg of nicotine. Nicotine 
salts are used as insecticides. 

Properties 

1 . It IS one of the few natural liquid alkaloids, it is colorless, volatile 
and strongly alkaline. 

2. On exposure to air it turns brown and acquires the odor of tobacco. 
3 The natural alkaloid is leva — rotatory. 

4. It has no therapeutic applications. It increases the heartbeat rate. 
Nicotine causes a discharge of epinephrine and tins hormone raises blood 
pressure. 

25.5.1 C'onslitDtion 

1. The molecular foimula of nicotine i. CioH„N*. 

2 It behaves like a tertiarv amine because it does not give an acetcl 
derivative with acetic anhydride 

t Nicotine, on oxidation with chromic acid, >ields nicotinic acid 
0 — picolintc acid). 




This su^ijcsts that a basic pvriuine skeleton will, a sidc-chsiin is; present. 

4. Treainienl ot nicotine with CH^I forms a methioJide derivative, 
which on subsequent oxidation forms h>}xr’nic acid (N — metlislpyrrolidine 
«“*"Carbo\vhc acid) 








This suggests that a N — mctlnlp\riolidine ring is linked at the 3— position 
•'f pyridine. 

5. The position of the attachment of side chain is further established bN 
hromination ind hydrolysis of the bromo deiivative with Ba(OH)g. A mix- 
ture of three products. nainel> oicotmic acid, raalonic acid and raethxiammc 
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is formed. The formation of these three fragments suggests that the attach- 
ment is at position — 3. Nicotine is thus a combination of pyndme and 
N— methiylpyrrolidine as follows. 


I 

CMj 

Nicotine 

6. This structure has been confirmed by an independent ssntheses of 
nicotine. 



• ) C2HgO(Ci^)3MgBr 

. 11,0 ~ 
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HgO/H 


./^CCHCHjCHjNCH, 




COOH H 


<02 






25.6 (ONTINE 

ft is the po'sonous principle of the liemlock herb and the first plant alkaloid 
to be synthesized. Coniine is of classical interest because this was the poison 
used in the execution of the Greek philosopher Socrates in 399 B.C. 

Properths 

1 It is a colorless oils liquid, soluble in water and stroneh alkaline. 

2. It turns brown on exposure to air. 

3. It is optieails active and dextro rotators [«] -fl5.7*. 

25.6.1 Constitution 

1. Its molecular formula is C,H,jN. 

2. Its reaction with acetyl chloride shows that it is a secondary amine. 

O O 

u 

C,H„NH+CH,CCI ► C,H„NCCH,+ HC1 

3' The Key step in the determination of its structure was zinc — dust 
dehydrogenation. Coniine forms a salt with hydrochloric acid, the hydro* 
chloride, on zinc — dust distillation yields u base which is short c>f six hydro- 
8«n atoms from the parent conipcmnd. 
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^ 7n 

C,H„N + HCI CbHjjNH+CI- — CbHhNH ^ Ch 3H, 

A 

This base, on OMiiation, forms « — picoliiiic acid The oxidation reaction 





suggests that two carbon .itoms ha\c been lost therefore, the oiiginal base 
must have a props I eh iin attached it the 2 — position of llu psridiiie ring. 
Reduc'tion of this compound with tone HI regenerates eoniinc, ind rediic- 

raf„N HI 

f online 

tion ofcooime with HI provides ammonia and H—oct me I he propel r uhe d. 

+ I- CH,{ni,),Cn, 

n-Octanc 

thereforeMs It — prop>l rather than iro propsl Conitix. is thus 2 — props! 
pipcndioc and the base is 2 — prop>lpsridine, also eallvil eonsrine 



5. This structure* ssas confimted bs its synthesis 



nAh, 




^ PJcOU'»t 


H^it H*C 


o. 


"'If'" 'CHaiCMj^fn 

H 


<i0l 







n . 






^Oi, 




M2Ch/:M| 




MpCMaCMi 
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25.7 PIPERINE 

It occurs m black pepper (Piper nigrum) and ha-, been used as a flavoring 
agent in brandy and as an insecticide for house-flies 

Propertu s 

1 . It IS sparingly soluble in wakr 

2. It IS relatively less toxic than many other alkalouls. 

3. It IS optically inactive but is capable of exhibiting < is-truns isoraerisin. 

25.7.1 Constitution 

1 The molecular formula of pipeline is 

2. On hydrolysis it degrades into piperidine (A) add pipti le acid (B). 

itiO A 

QH„N ' C„If,0,C00H 

(B) 

This suggests that piperme is the pipendmainide of pipviie acid. 

7he structure of fragment (B) hat been established as follows: 

I V? **■“‘1'' 'how that it contains one carbonvl group and two 

double bonds ~ - i 

(•') On oxidation with KMnO, (B) forms piperonal (C) and subscquemtlv 
pipcronyhc aeid (D) 


t„H,0,C00H > C,H ,03 

iB) 


(ni 


Ihc aeid (D) has 4C and 411 kss th.<n pipcnc aeid (B) 

. ,1 ^ PT'ronMic ac,d(n, forms proto- 

‘ V h le, acid 1 e.. 3.4 dihydroxy benzoic .leid and formaldehyde. Since 




(D) 


.COOh 
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Pipcrooal (C), must be 3, 4 — mcthylencdioxybeiwaldchyde. 






(O 


Formation of (C) and (D) suggests that pipertne is a benzene derivative 
containing an unsaturated side-chain. Its structure may thus be conceived 
us the following; 


HjC 






C 



yCOOH 


I 

H 


5. This structure has been confirmed by its synlhcMs. 



Resorc»ncl 



C H}CHO/C^ H; ,ONa ^ 

A idol 



(CHjCO I^O/ KOAC ^ 
c~0'’CpnMt'0O 



CH»CHC H-C H-C OO.H 


Piperic acid(O) 


Piperidine (A) and pipcric acid (15) can be condensed togicthcr via an amide 
linkage to give piperinc. 
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25.8 COCAINE 

Cocaine is the chief alkaloid in the leaves of the coca bush. It bears a struc* 
tural relationship to atropinc» an alkaloid found in bellodonna and deadly 
night shade Cocaine is also employed as a local anesthetic. Cocaine also 
has the ability of pioducing a feeling of well-being. It is, howevei , strongly 
narcotic and may lead to di ug addiction by prolonged use 

Properties 

1 ( )— Cc’caine is a colorless, ciystalline solid, m p. 98®, and is sparingly 

soluble in water. 

2. ft can be piccipitated from solution of its salt by ammonia or sodium 
caibonatc 

25.8.1 Constitution 

The elucidation of the structuie of cocaine has been based on the following 
evidence 

1. Its molecular foimula has been found to be 

2 Acid hydtolysis of cocaine fuinishcs methanol and a pioduct called 
uvu/oyl eegonine. 


H+,ir,0, A 

QtH^an c„HiAN+ch,OH 

Benzo'I ccgonmc has been slu wn to contain a — C<X)1I function It thus 
appeals that cocaine is the mcth\l cstci of bcii/ovl ccgonmc. This is further 
suppi>iti.d by the fact th.it cstctihcaiion ol bcn/oyl ecgoninc with CHjOH 
yields cocaine 

3. Ben/oyl ccgonmc can be further h>diol\/cd by a mmeial acid to 
( ) — icgonmc and bcn/oic a^Kl 


C„H„0,N+C,HtC00H 

(— )-fcgcn’ne 

1 stablishmcnt of the stiuctinc of eegonine thus should provide a clue to the 
structure of cocaine. 

(i) Eegonine, C^HnOaN. contains asccondary alcoholicgioup, acaiboxyl 
function and a icitiaiy nitrogen atom. 

tii) Oxidation of ccgoninc fvirms the coriesponding ketone ccgonme 
which dccarboxy Kites to tropinone This lattci substance oxidizes to tropinic 
and ccogntnic acids. 


CrO, A 

C,HjAN ► C,HuO,N ► C,HbON 

-CO, 


Lcgonioe 


Legoninone 


Tropinone 
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CrO^ 

► C8HUO4N + C,HaO,N 

Tropinn, Lcgoninic 
•Kid acid 

This oxidjtisc degiadtUion shiiws that ccgonine contains a liopanc skeleton 
and that the secondary alcohol occupies the same position as in tiopine 


Ow 


I ropme 

Furthernioie, facile decarboxylation of the ccgoiuue suggests that ccgoninc 
IS a P~kcto acid, and has the lollowing structure 




t-egOU lit. 


Flora the above inscstigations the structuic of bcn/oyl cceonine and coc iiac 
arc the following 


COOh 


NCHj /-OCOCgHs 


Denroyl ecgoninc 



Cu CH] 


N CH 


3 


( (Kiiint 


5. The stiucture of cocaiuv has been supported by its synthesis stait- 
rag from succinaidchydc, methy iamine and ethyl hydrogen acetonedicarboxy- 
late. 


.Cho 

XMO 


M^f c ooCaHc, 

CmjNM2 * I >0 

M^COOH 






COOM 



Alkaioids 713 


COOH, 


lOHydroly' 


i) (tea 



N CHj 


,COOH 


Oh 



^COOCHj 


■) CH}OH/H Vococehs 

•OCgMsCOCl 


jQUESTlONS 

25.1 What arc alkaloidV? Describe the physiological propeities of somt 
of them. 

2> 2 What oUfins would be obtained b\ Hofmann exhaustive methsU- 
tion of tlie following amines. 



25 3 Name nmie alkaloids (.ontaining quinoline and isoqumoline hetciu- 

CScllC' 

25. 4 Dc >ci ibe the gciKral mctlK>ds. m ith suitable c.\amplcs, for the assign- 
ment of stiusUucs to alkaloids. 

^►25 5 Diseu'". the esideiKC. wbieh lesulicd m the .I'signmcnt of the struc- 
ture of eoeamc 

25,6 Picdict the prinlutts of the follossing leactions 


a 




CHjl, 
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c. 



•OAgOt^ 

HO A 



25 7 U' cuns the cons' itutu>n of nicotine 

25 8 (,0 Define an alkaloid What are the gcneial cluiractenstics ol 
alkaloids' 

(b) Establish the structuie of coniine. 



26 

Amino Acids and Proteins 


Apart from carbohydrates and fats, proteins constitute a major portion ot 
human and animal nutrition. Amino acids represent one of the most impor- 
tant class of naturally occurring compounds. Many important parts of the 
body are made largely of proteins for example, muscle, blood cells and non- 
mincrul parts of bones .ire proteins. 

Enzymes and many hormones are proteins. Amino acids are obtained bj 
'he complete hydrolysis of proteins. As the name implies, amino adds are 
organic compounds and contain both an amino and an acid group and are 
amphotetic. They are all «— amino acids, i.e., the amino group is present on 
the a-carbon atom, the carbon next to the carboxyl carbon. The structuie 
of an amino <icid is usu.illy written in a dipolar ion form, i.c., a ‘zwitterion’ 
or an internally ionized sail in which the ammo group can accept a proton 
and the cat boxy 1 group can donate one. Such a structure signifies the most 
ammo acids arc readily soluble in water but not Milublc in organic solvents. 

O 

.f II 

HjNCHCO- 

t 

I 

R 

Ail amino acids have the same general formula as above but vary m the 
group R. About twenty five ammo acids are found inappicciablcquantiiie.s 
m proteins. Apaitfioni glycine, mall naturally occur ring a — ammo acids the 
a — carbt'n is chiral and they arc thus optically active. All those acids isolated 
from proteinx, without exception, belong to the L-family and possess the 
following configuration at the « — carbtm atom, i c., corresponding to L — 
( - ) — glycevaldchydc or ley a glyccraldchyde. 


OH 


CHO 

— H 

I 

CH,OH 


l.«— G 1) cci aldchy dc 


COOH 

I 

H,N— C— H 
R 

L— Configuration of an 
ammo acni 
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This does not mean, hotxcvor, that all such ammo acids are levoratorv, 
some arc levo but others are t/ex/ro. Alanine, foi instance, has the L — tonh- 
guiation but is di \tro iotator>, therefore it is known as L{4 )• alanine 
The direction of lotation of an amino acid varies with the change in pi I 
of the solution For instance L — s nixc k> levoratorv iii distilled watei but 
dextro rotators m an acid solutkin 

In Table 26 1 « — ammo acids iseslated from protein hydiolvsis are listed 


Table 26 1 Commoo Amino Adds 


Name 

1 Of ni util 

Symbol 

m p 
(*C) 

boclci inc 
point (pi) 





Gl>cine 

1I,N( H/OOll 

Oh 


s P 

L-( + HAUniDC 

HjNCIICXKJH 

CH, 

ilti 

24 

('02 

\ahnc* 

CU.CH— tiitooii 

1 1 

CHg Ntr, 

1(1' 

ts 

s 

1 (-)-Lcuciiit" 

Cl 1. cut HjCH< Ot>H 

1 ! 

CHj. Mti 

h f 

u- 

s 

1 

Icucinc* 

fn.tiy n— ciKooH 

n(, NH, 

Hi ti 

lUi 

(> o2 

L.{ — ) Script.* 

fPK H < Ht OOH 
' 1 

Ml. 

S« 

21^ 

5 68 

1 -( -)- rhreo 

niDC* 

( tLCH—CHt OOIl 

1 1 

OK NH, 

Ihr 


5 00 

I .(->.Phco.-l- 
dlaninc* 

C,H,CH,< HC OOH 

NH, 

Phi 

2X1 (diet) 5 84 


S—CHjCUCOOU 

1 NH, 

s— CHjCHCOOH 

Nil, 

< M Si y 

260 

5 06 
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L-(-)-Mclhio- 

nine 

j -(— )-Prolinc 

it -( “ 

\vproIinc 


i “(H ^ Aspiir- 

L-(4-Krlut. 

amine 

I )-( ^stclnc 

I » — ). I>rosinc 


hVArgminc^ 


rir^HjCRjCw^ooH 


NIf, 



Met 283 5.06 


Pro 29M 6 30 


COOH 
I 

() 

l{tNCCIl2CH< OOH 4 \/mVIIj) 2^7 

NK_, 

O 



HsNXX'KjCH/HCOOH 67«(NH,t 185 

NH^ 

»1S( If.ou OOH ( 

I 

ML, 

HO-Z^^CNjCHCOOH 

Nh2 


6 33 


^41 


5 70 

5.02 


s 37 


liosh a— .Ujd% 


NH 


k^N('nh( H^oiiOfnirooH 

*1 

Mf, 



:'9 io,"h 


:t} ■' 
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L-(+)-Ly5ine* 


L-(— )'Tr>P- 
tophan* 


NH,CH,CH,CH,CH^CHCOOH L \ » 



I 

H 


Aiie/u a — imil’O Uhh 


L-(+)- Aspartic 

HOOCClLCHCOOir 

Asp 

acid 

1 

NH, 


)-CiIuiamit 

nOOCCH.l H,C H( OOH 

Olii 

atid 

1 



224 (dec ) 9 74 


382 5 88 


270 2 98 

"19 T ” 


^Essential Ammo Acids 

with the symbtils used for their design ilion fhc> belong to the .thplufii, 
aromjtic and hcttrovstlic scries depending tjp*>n the n ituic of R Ammo 
acids ate classified into three types accordinc to their clcctiochcmical 
characters 

\ cut tal Amino Adds Most* — amino acids cimtain one amino md one 
carbox>l group and arif termed as neutral ammo acids (Mont'aminoiiiemo 
carboxylic acids), for example, alanine, l».utint, * ilim, trsptophaii, etc 

Baut 4nnno 4iid% These aic othcis that contain an extra amino group 
and arc known is basic ammo acids — (DiaminomonocarbowJii acids), for 
example, lysine, arginmie and histidine. 

Actdic Amino AiUh Those containing an extra carboxyl gri up aic rcfeircd 
to as acidic ammo acid(Monoaminodicaibox>iic acids) for example, a‘parlic 
and glutamic acids 

Ammo acids arc essential for the growth of the body, foi tissue building 
and for the protection of body fiom disease 

Ammo acids arc of great biological importance, certain « — amini acids 
must be present m the diet of humans for normal growth as they arc not 
synthesized by the body Such «— -ammo acids that arc indispensable to life 
are referred to essential amino aiids. The omission of any of the essen- 
tial ammo acids from the diet leads to one or more manifestations of 
malnutrition. In the Table, abeve, these acids are indicated by an asterisk 
Other amino acids can be adequately synthcsi?cd m the body Ammo acids 
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may be classified as «, p or y according to the position of the amino group 
in the carbon chain. Besides these thcie arc other naturally occurring amino 
acids such as p — alanine, y — aminobutyiic acid etc., but arc not found in 
proteins, 

26.1 PHYSICAL PROPERTIES OF AMINO ACIDS 
Amino acids arc white, crystalline solids. Most r»f them arc quite soluble in 
water. Since they exist in dipolar forms, amino acids has c high melting points 
^usually above 200'^), even though their molecular weights arc low. That 
amino acids s-xist as dipolar ions in neutral aqueous solution is also indicated 
by their high dielectric constants and large dipole moments, which aic reflec- 
tions of the occurrence of both positive ane negative chaige m the same 
molecule. They contain one asymmetric center, threonine and i v'leucine have 
two; and thus aic optically active and exist in d — and / — enantiomeric forms. 
All naturally occurring ammo acids found in proteins bclongto the L— senes. 
The « — amino acids in proteins aie usually efthe fS) — configuration. (R) — 
configuration amino acids do noi uccui in most living sjsienis. 


coo- 



coo- 



NHj 


R 


R 


IS] — Contiguialion 
[1 — c on fig mat ion] 


( ) — C onfigu: ation 
II > — Conhgai it ion; 


The determination of the relative configuration of ammo acids has been one 
of the principal accomplishments of synthetic C’fg inic chemistry. Fesr this 
puiposc, the groups linked to the chiral carl on had to be modified in a 
known manner without changing the configm ation about this carbon. This 
necessitated the use ofmgcneouschcmicalreactionsinwhich the mechanism 
of the reaction was also picciscly knovm. 

Amino acids arc amphoteric ami iluy exist as dipoKu ion in dry sohd 
state. In aqueous solution, however, there is ."i cquilibiiuni between the 
dipolar ion and the anionic aiul caticmic foiins vif the acuis 


* -U* ^ -11+ 

lI,NCHCOOH T~ * ■ HACHCOO- 7 lf,X('HCCK)- 

I +M+ i nr 

R R R 

^ Ationic fortu Dipolar A^nonic fon'a 

jpepending on the pH of the solution the amino acids can exist in cither 
<'rm. At low pH the amino acids arc present as cations and at high pH as 
anions. The pH at which positively charged ammo acids arcpicscntin 
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equal concentration to the corrcspitnding negatively charged ions 
HjNCHCOOH H,NCHCC)0“”| is tailed the isoelectric point. It is sym- 

- R R J 

loli/ed by PI. At the pi point the negative charge exactly balances the 
positne charge and the acid docs not migi ate tu cither electrode when 
placed in an electric field The PI value vanes for dilTcrcnt a ammo atids 
and it provides a method for the separation of the acids a- \mino atids arc 
generally less soluble at the pi point 


26.2 SYNTHESIS OF at— AMINO ACIDS 

Generali) most simple ammo acids have pi \alues in the range '> to 6.5 
Atidic ammo atids have pi of about 3 while pi of basic ammo atids is 10 
or higher 

Ammo acids are nowadays commercially available m the maiKet fhev 
ma) be prepared by the following icprcscnlative methods 

1 Amtnationof «— Halo icids. Reaction of an « — h ilo acid, obt lined bv 
the Hell-Volhard*Zelinsky rcattion, with ammonia oi <in .tmine is a conve 
nient method for preparing an ammo atitl In this method the separation 
of « — ammo acid from NH«CI is often difheult 

CH,CHC(X)H (-MI, (excess) *■ C HgCHCOO -t-MI«f I 

I i 

Cl Nil,+ 

2 The Strecker Synthesis it has been one ol the predominant methods 
for the preparation of ammo acids Atcording U> this, an alochvdc is treated 
with ammonium chipnde and potassium cyanide to Vidd an ammo nitrile 
which on subsequent hvdrolysis forms the acid 


C.H.CH.CHO+NH^Cl 


KCN ► C,H,CM,C H( \ kCl j H/> 


(I) NaOH A 

— — — y. 

nil IC 


NH, 

C«lI,CII,CHCOO- 

I 

MI/ 


Phenytal mine 


3. Alkylation of N— substituted Aminomalonic L tu r !{ is a general method 
for the preparation of «— ammo acids N— phtnahmidomalonic ester is first 
obtained by reacting bromomalonie ester with the potasfium salt ot phthali 
mide 

§ 

NCH (COOCsHcl. 

r 

0 


COOC2H5 

CMj 

a)0C2Hs 


CdOCjH^ 


_e^cc( 


>4 CHBr 




toocsn 


?"5 


NK^ 

-a 
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This product can then be alkylated by avaiiety of alkyl, halides or «, p— 
unsalurated caibonyl compounds The resulting compounds, on hydrolysis 
and subsequent decarboxylation leads to « — ammo acids ft is illustrated 
by the fonov\mf.r examples* 


II NCHICOOCjH^lj- 
0 


No'* 






nh; 


tjH^O No"*’ CHjSCh^'',, f + 




) ' 


''•^3 S V. 


C2H,,0" No'*’ HjC— C‘iC 00C2H5 f'*’ ^v'■ 


HOOCCH^CHX*- ■ 

‘ M 

SH^ 7 C,*. 


4 llofmam net^iaJiition Substituted malonic ester amidcN undergo 
Ifofmann degradation and thcresultnnt pioduct onhydrolvsis Mclds an 17 — 
amino acid 


a)(X%H, ( OOCaH, 

/ Hr,. KOH / H+ ltt> 

CHaCH ► CH.CH ► t H,CHC<X)- 


\ 


rOML 


\ 


NIL 


I 

\Un»nv 


5. Hythmtoin Synthesis l-T>dantoin itself is prepared by ticatment of gl\ - 
sine with KCN; the active methylene group can then be condeif^cd with 
aldehydes and the desued pn>duct obtained by ic'duction and hvdrohsis 
* his synttesis is illustrated fot the preparation of (lyptophan 
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CMjCMCOOH + KCN 


A-< 

MN NH 

Y 


eXT 


ChO 


Y 

0 


» V 

If 






./H 0 

I I 


Tryptophan 


6. The Gabriel PhthahmiJe Synthesis: The potassium salt of phihalimide 
on reaction With an « — halo ester followed by hydioUstsof the resultant pro- 
duct leads to an a — aininoaod. If R is hsdrogen than the product i> glycine. 
Phthaliniide is recoverable in the foim of phthalic acid, wlm h is convcitcd 
to phthalimidc by reaction with ammonia and u^ed again 



2«.3 REACTIONS OF «— AMINO AC IDS 

Like any othe- orgatac compound containing more than one tvpe of func- 
tiOi al group, »hc « — ammo acids undergo icactions cliaractciistic of bt'lh 
the amino and carboxyl groups 

1. Salt Fornation: Amino acids form salts both with mineral acids^ due 
to the pfotonation of the ammo gioup, and with strortg bases. 

HC» 

H,NCH,COOH ► HO<X:CHsNH,+C1'- 

NaOH 

H,NCH,C00-Na'^+H,O 


HjNCHdCOOH 
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2, Esterification', at — Amino acids can react with alcohols to form a — amino 
esters. The umino acid is suspended in alcohol and dry hydrogen chloride is 



CH2CHC00‘“ 
I 4^ 

NH 3 


CH30 H/dfy HO ^ 



CH2CHCOOCH3 


NHiCr 


passed through the solution. The ammo ester precipitates as its hydro- 
chloride. 

3. Amide Formation: An amino acid reacts with ammonia to yield an 
amide. 


A 

RCHCOO--^-^H, ► 

I 

NH + 


O 

1 ! 

RCHCNH. T 


A. Read ton with Reactive And lierivaiives: The amino group of 
a— amino acids rc.uts with acid anhydrides or acid chlorides to form acyl 
derivatives. 


O 

(Ctt.COLO 

>r,NCHjC(>OH CH,C'\HCH,COOH 


Accl>Jglycjnc 


RCHCOOII 

I 

NHg 


► RCHCOOII 

HNCC^H. 

II 

O 


liciiy'oytglycine 
(Hippuiic asidt 


5. Reoition with PC!,;. On treatment of an «— amino acid with phosphorus 
pcniachlondc, a hydiochloiide of the chloride of the amino acid is obtained. 


H,NCH,COO“-|.PCl, 


O 

^ 0 

(NH,CH,CCI) a-+POCI, 
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6. Aition of Nitrous A( id: With nitious atid, nn a-hydroxy acid is 
obtained with the evolution of nitiogcn. 

CIUCHCOOH+HNO, > CH^CHCOOU l-H.O | 

NH, in 

7. Alkylation of the Ammo Croup. An amino acid nia> be alkylated at 
the amino group with an alkyl halide 

H*NCH,C001I t CIf,r ► CH,NH,^CH COO- ■ HI 

Sjrcosinc 

8. Aition of Heat This is an important reaction thfrorcni and ammo acids 
form different compounds A cvdic dtamide is obtained ttom loa-ammo 


H2N/ 

HO 

N, 


« C 

CH~C' 


-cw 

I 

R 


OH 

NH, 


A 

-^H20 



MN NH 


>-< 
n R 


a -o A.niino acid 


\ dioxo 
piper i/ivc 


acid. iJ-Amino acids lose aninionia to Jonr » unsatiirat ’J acids 


A 

Rt nCH/,IJ()K RCH ( HC(K>H 

I 

NH* 

a S Vtni lO atid 


A Y— ammo acid is easily converted to a l.ictara bv los-* of water 


(> 

II 

CHsCOH 

I 

CH2CH2NH2 



Y — Amino icicI 


Y— Butyrolactam 
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9. Reaction with Ninhydrin: 1 he quantitative analysis of a — amino acids 
is based on their reaction with ninhydrin (triketohydrindcnc hydiate). This 
icaction involves both the ammo and carboxyl groups of the ammo acid. 
On heating, an « — amino acid with two molecules of ninh>drin forms an 
intensely colored product 




An amine Purple pigment 


A purple coloi is given by all amino acids having a ftec ammo group, in 
contrast, pioline and h>droxyprohne give a vcllow pigment because the 
a— aminti group is substituted in these acids. 

10. Oxidation Deamination : An amino acid, b\ the catal>tic action \>f 
en/ymes, IS o.\idi/cd to an interim ’ .itea—imino acid which isicadilv h\dio- 
l>zcd U» the corresponding «— keto acid 
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II A 

(ch3),chcx:ooh ► (ch3),chcho+co, 

iso Butyraidehyde 

The ammonia reacts further to give the purple pigment and the a — keto acid 
decarboxylates to an aldehyde. 

26.4 DETERMINATION OF AMINO ACIDS 

Hydrolysis of proteins with acid gives a mixture of amino acids. The mix- 
ture can be separated into individual components by a number of techniques 
namely paper chromatography, ion-exchange re.sins, selective precipitation, 
etc. The first of these, i.e., paper chromatography is a very useful technique 
for identifying the components. Several other techniques are also available 
for the determination of amino acids. 

An amino acid can be directly titrated us u base in acetic acid. The amino 
acid is treated with a known volume of perchloric acid (HClOj) and the 
excess acid is back-titrated with sod. acetate using phcnolphthalc'n as indi- 
cator. The following reactions take place ; 

R— CHCOOH t HClO* ► R— CIICOOHCIO4- 

I I 

NH, NH,+ 

CHjCOOH 

HC104+CH,C06- Na+ ► NaClO, ) CH.COOH 


The nitrogen content prc.sent in the form of a primary amino group ( — NH*) 
can be determined by the Van Slyke method. The acid is treated with nitrous 
acid and the volume of nitrogen liberated is measured. 

RCHCOOH + HNO,, ► RCHCOOH-f-N, 

NH, in 

The total nitrogen content may also be determined by Kjtidahl determina- 
tion. In this method the organic compound is digested w^ cone, sulfuric 
acid and a catalyst. The ammonium salt thus formed! is converted into 
ammonia with NaOH which is distilled over and titrated igaiost a standard 
add. 


HaSO,, A 

RCHCOOH (NH,),SO, 

iJlH, 
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(NH«)jS04+2Na0H ► Na,S04 f 2NH, i 2HjO 

26.5 POLYPEPTIDES 

An a — umino acid contains both an amino and a carboxyl group and an 
intermolccular reaction can take place between these two groups to give an 
amide or a peptide linkage. 

O 

M 

lf,NCHCOOH + H,NCHCOOH > H.NCUCNHCHCOOH 

i I i > 

R R' R R' 

A dipeptide 

Peptules are polyamides that contain between 2 to 100 units of ammo acids. 
A peptide contains a free — CO()“ group (cal'ed C — terminal end) and a free 
— group (called N — terminal end) at the terminal positions. Peptides 
teamed according to the number of amino acid residues, thus a dipeptide 
has two amino acids, a tripeptidc has three and so on. Substances that con- 
tain mote than ten amino acid residues are called polypeptides, it is gene- 
rally accepted that molecules containing more than 100 amino acid residues 
(mol weight 10,000) arc classifed as proteins. Peptides are named begin- 
ning with the N — terminal end and writing the constituent amino acids. The 
following dipeptide is named as follows. 

O 

II 

H.N^^CHjCNHCHCOO 

\gh. ala > 

Another example is: 

O O 

H3N H jCN HCI ICN HCHCOO- 



^CH, 


Giycslalanyl Icucinc 
(Gly. ala. Iru.) 

Peptides and proteins can be synthesized in the laboratory. The principal 
aim is to form an amide linkage by condensing an amino group of one acid 
with the carboxyl fraction of the other. The formation of a peptide linkage 
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belwcca two amino acids is an endothermic reaction, i.e., it requires the 
application of energy. As a result, high energy starting matciials such as 
acid chlorides or azides arc employed so that they can react with the amino 
acids by an exothermic reaction. Normally an amide linkage is formed by 
converting an acid in to its chloride and subsequent treatment with ammo- 
nia. Amino acids, however, cannot be converted into the acid chloride in this 
manner as polymerization takes place. Moreover, amino acids like lysine, 
threonine, etc., which contain additional functional groups cause difficulties 
through side-reactions. But such problems hav c been taken care of and gene- 
ral methods for the syathosi.s of peptides have been devised. 

The synthesis of peptides involves the formation of amide linkages, but 
the difunctional natuic of amino acids has necessitated the development of 
highly selective reagents The use of such reagents is essential to prevent 
the reaction between two molecules of the same acid. One acid molecule 
functions as the ac>lating agent and attacks the amino group of the second 

O 

* 

molecule. For e.\araple, it the peptide NH,—A— C— NH— B— COOII has 
to be prepared from Nllj— A— COOlf .ind Nil*— B— COOH, then it is 
necessary to block the amino group <>f A and the cai boxy I group of B before 
condensation, else products like the following 

O 

NH,— A— C— NH— A—COOH and 
() 

N I NH— B— C( )01 1 

may also be toiiiicd, Ihe protecting gioup should be such that it can be 
removed easily after peptide formation. 

(i) Protection of the Ammo Ortmp'. The synthesis of a polypeptide 
involves a successive condensation of the amino group of one amino acid 
with the carboxyl group of a second amino acid. As stated earlier there is 
a strong p issibility of self-condensation of similar amino a«ads. To avoid this 
the amino group i» protected by its reaction with a suitable reagent so that 
the condensation of the carboxyl group of this acid can occuf only with a diffe- 
rent ammo acid. The protecting gioup is then removed aftfcr peptide forma- 
tion. An amino group can be protected by reagents such as carbobenzoxy 
fhlortde (removed by catalytic hydrogenation, H,/Pd), phthaUc anhydride 
(femoved by ueatment with hydrazine at 25*), p— tolucncsulphonyl chloride 
(ranoved by means of Naio liquid ammonii), triphcnyimethyl chloride 
(removed by mild acid hydrolysis), tnfluoroacetic anhydride (removed by 
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mild base hydrolysis), and /— butylazido formate (removed in the presence 
of an acid), tic. The reagents employed for the removal of the protecting 
grou]>$ do not affect the peptide bond 


() 


aq \iOtl 

C,H»CH,OCCl , H,NCH,COC)H > 


it 


O 

C .(HjC H^OCNHCH^COOII 


Pt 

> H.N CH,COO-}CO i(\K.CH, 


Bcn/\lmyeafboiivl slycine 






* 

\ 


(C'.,lf5>CCl 


HjNCHCOOH 




1 (C,KO,CNHCIK(K)H 

- IK I I 

R 


11,011+ 

► (QHOsCOH. h,nchc'o6 

k 

(II) .'(trriw/o/i of tht Caiho\)l (jfoup caiboxylgiouptan be piotctted 
by forming its ester, j e mtthvl, ethyl Ivn/yl oi /»--nurophen\l. Hotvcscr. 
atiivation of the free t.tibo\)l (or ammo) group is essential foi the forma- 
tion of a peptide linkage This step should be tamed out pnoi to condensa- 
tion with anothci ammo .itni. This tan be done b\ convciting a carb\»\\l 
group into acyl azide (—CO— N,). at\l thloridc(-^CO-Cn. ot the anhyd- 
tidc (— CO— O— COR). The tormation t»f tlu amide bt'nd stalling fiom .. 
carboxyl group and an .immc is an tMidothtrmic puncss, conset)ucntl> this 
leattion cannot be expected to gi\e giwd yields tif the product. lo mtreasc 
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yields, the process of activation where the carboxyl group is converted into 
a high energy molecule is cairicd out bj forming an acid a/ide, chloride, etc. 
Due to its energy, the leaction of (he activated carboxyl gioup with the 
amine to give the peptide bond now gives an exothermic icaction, thus 
better yields can be obtained. 

O O 

•I bOCI. 

C;H..CH.OCNHCHjCOOH ► C,1LCH,0CNHCH,C(X'1 

Benzo> lcarbon> lgt>c me 

<CH3),CHCHt’OoH 

I o 

N »2 !1 

>. QH,CH,OCNtlCH, CONHCHCDOH HCl 

iConilensJtion) | 

CH(CI!,), 

Hi I’tl 

> HjNCHiaAllCllCOOn 

CHtt'n.ii 

lien/ovloxcycarbonsljjJw «lint <jhs\lv,»linc 


The activation pioscss cm be a pan of a single opciaiuu a** in the v.ise ol 
dic)clohex>lcarbodumide (IX’C). 


0 



^ ■ 

0 ■»- HjNCHCOO 

If ” 


0 




CHCOOH 

I 

R 



= C = N 


loco 


H2NCHCOOH 

A 




0 


' 0 
s II ^ 
NCHCOC 

/i. \ 


.-O 

rO 


a:> 


R R 






N.N — Dicyciohexy lurca 
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M2NNH2 

— ^^5 — ► Peptide + 


a COOH 
COOH 


Another method for coupling of two amino acids involves activation of the 
^‘arboxyl group by conversion into an acylazide. A typical nucleophilic reac* 
tion occurs when acyl azide is treated with an amino acid in alkaline 
solution. 


C^HjCH^OCNHCHCOOCHs 

CH, 

Dcn/> loxycarbony laliinmc 
methyl ester 


H^NNH* 


O O 
> C«H,CHjOCNHCHCNHNH» 
CH, 

Ben/yloxycarbonylalanyl 
hydra/ide 


o o 

HNOj II l! HjNCHjCOOH 

► CjH,CH,OCNHCHCN, ► 

Ucn/yloxycarbonylalanyl 

a<!idc 


O 0 

I’ !l Ht Pd 

CJltCH,OCNHCHCNHCH,COOH ► Peptide 

CH, 

Ucn/yIoxycarbonytatanylgl>cine 

Solid Phase Method {Merrijicld Method): A recent technique for the syn- 
thesis of polypeptides was dc\iscd by R B. Merriiield and coworkers- The 
peptide, according to this method is synthesized on the surface of an inso- 
luble polymer. One of the common polymers used Is polystyrene in which 
some of the benzene rings arc chloromcthyiated. i e.. linked to ->-CH, Cl 
group. The polymer is cross-linked with about 2^; of divinylbenzenc. This 
polymer m«y be designated as aCH,— •Pof.vmer. The C— terminal end of the 
amhto acid Is bound to the polymer by shaking a basic solution of the amino 
acid in ethyl acetate with the insoluble polymer. An Sjv2 attack of the carbo- 
Jtylaie Ion tokes place at the benzyl carbtm refflo\ing the halogen and the 
result is a polymeiwbound amino acid derivative. This polymer derivative is 
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•CHj — ' CH CH, CH — CHr- CH ~ CH,— CH — CH,— CH 

6 <) 6 6 <) 


CH2a 

Insoluble Polymer, CICH, — Pitl\nur 


O 


HjNCHCO- C!CK~/»o/»Wt/ 


O 

II 

► H,NCHCOC'H —Pohmt t C’l 

! 

R 

Polvnicr-— hound ammo at'd derivilisi. 


() 


O 


O 

I 


O 


(CH,)jCOCN3 HjNCHCOH ► / - BuOCNHCNCOH 


I 

R, 

'~Uutoxv a/iiloforn* itt 

O O () 


R. 

N— ppncctcd mu o ic il 


IX < 


/.BuC)CNHC»COH ^ H^SCUCOCll^-^Pohnur v 

k k 

o o o 

( rj(c>OH 

/ Bu(X:NHCHCN»CHCOCHj— /’(?/>/«< r 

1 I 

Ri R 


O 


O 

ft 


Hf 


H-NCHCNHCHCOCH,— 

k k 


O () 

-► H.NCHCNHCHCOn 

k k 

f K — t'ohmn 


then condensed with <tn N— protected ammo acid usin^ dicyUohexylcarbo* 
diimidc (OCO. The ammo acid gets attached to the gro>»rag peptide and the 
latter is separated by hlttation. Ihe protecting group fs removed by adding 
a strong anhydrous acid, usually trifluoroacetic acid. 1 hisptocess is repeated 
by adding another N*~protected amino acid followed by condensation in the 
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presence of DCC After the desired polypeptide is built it is removed from 
the resin by adding anhydrous hydrogen fluoride. This does not affect the 
peptide bond. The synthetic peptide is eventually purified by a suitable 
chromatographic method. 

The Mcrrifield method is very efficient and polypeptides containing a 
large number of amino acids can be prepared in good yields. Furthermore, 
since the process invokes the repetition of a small number of simple and simi- 
lar steps» this can be carried out by an automatically projirammcd machine. 

Merrified and coworkers synthesized the nonapeptide hradykinin by this 
automated procedure with an overall yield of 85?;. They also synthesized 
bovine pancreatic ribonucicase containing 124 amino acids, the first protein 
to be synthesized artificially from its amino acid components. 

26.6 PROTKINS 

Proteins (from protios, Greek for, of the first rank) are complex organic 
molecules containing nitrogen as well as carbon, hydrogen, oxygen and fre- 
qucnrl) other elements like sulfur too. Piotcins occur in every part of plant 
and animal organisms and are the major constituent of skin, hair, muscle, 
bl</v ^ nails, horns, etc. In plants the> arc found principally in the seeds. 
Blood is about 80% water; the remaining 20‘'o is largely protein Almost 
all biochciniciil leactioris need enzymes as catalysts for them to proceed at 
a rate sufficient to maintain life. The enzymes arc basically proteins though 
tho> may contain other compound*. Certain proteins such asharmonesand 
gene regulators direct and control all forms of body repair, construction 
and energy convcisions Nii other class of compounds is associated in such 
a variety of functions that aie essential to hfe as proteins. Proteins are 
polyamides and «~araino acids arc the monomer units; they usually have 
a free carboxylic group at one end and a free amino group at the other end. 

9 r* 9 ”1 

KjN CH C — L N H CHC 4— N C H COOH 
R ^ R "hr 

The isolation ami purification of proteins is far mote difficult than for most 
organic compounds Pn>icins arc very unstable and very difficult to obtain 
unchanged from their >ourcc. There arc iidinitcnumbei of piotcmspo^Mblc 
( Us- to Uic numerous ways in which the amino acids can be linked to each 
iftsr. fhe molecular weights of piotdns arc scry high but on acid hydro- 
ysvis they all yield a group of simple organic compounds of low molecular 
'■eight, the «.amino acids. In protein molecules, the amino acid residues 

re covalently linked to form long chains. Tlvc> are bonded in head -to— tail 
• I angement through substituted amide linkages called peptide bond-v Pio- 
arc ividvd into two major cla.<scs on the basK of their conipv'sitions 
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simple and conjugated. Simple proteins arc those which on hydrolysis yield 
only amino acids and no other major organic or inorganic products such 
as albumins, glutenins. globulins, ate. Conjugated proteins yield not only 
amino acids but also other organic or inorganic products examples arc, 
glycoproteins, lipoproteins, phosphoproteins. etc, 

26.6 1 General Physical Properties 

Most of the proteins are colorless, tasteless, and insoluble in water, alcohol 
and ether. They possess high molecular weights and are optically active 
Oevorotutory). The proteins structure can be disiupted on heating, on treat' 
ment with mineral acids or on exposure to light This process is called 
denaturation. It is the sensithity of piotein> to denaturation that makes its 
isolation dihicuit 

26.6,2 Chemical Properties 

1 Proteins form salts ^ith bases ( ascir, for instance is present in milk 
as its calcium salt. 

2. On acid oi enrymatic hydrolysis, of proteins ammo acids ate termed 
Digestisc eo/ymes hydrolyze proteins to peptides and amino acids which are 
absorbed and transferred by the bk>od to canons body tissues 
3 Proteins respond to several color test.: 

a With ninh)drin, a purple color is pioduced 
b Millon’s leaction >iclds a pink color 
c. A yellow cotoi is obtained with iodine 
Examples of some selected pioteins al(>ng with their si'urces of extraction 
are given in Table 26.2 

Tabic 2b 2 Selected Proteins .ind Iheir Sources 


Protein 

Mol weight 

Si^urcc 

1. Insulin 

t.-oo 

Pancreas 

2 Rihonuclei’'t>e 

12,600 

Panerc 

3 Myogljhin 

16,900 

Horae heart 

4 Chymf tryini nogen 

21,200 

Bo\ me 

5 ^—1 actoglohuhn 

11,400 

MiJk 

6 Zein 

40.000 

C wrn 

7, Pibroin 

56.000 

Silk 

8 llemogtobm 

64.500 

Human 

9 Hexokinase 

102,000 

Yeast 

10 Gtutenin 

120,000 

Wheat 
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26.(.3 Structure of Proteins 

The determination of btructureofa polypeptide or piotein insolves a 
number of steps. 

{\) The Amino Add Analysis AUhtt chains are covalently 

cross-linked by one or more disullide bonds, these must be cleaved by 
appropriate chemical reactions. A common method is oxidation using 
pcrformic acid Once the polypeptide chain has been obtained in a homo- 
►{jencous form, it is completely hydrolyzed to determine the amino acid 
composition. Peptide bonds, for this purpose arc hyd*‘oly/cd by heating 
with 9N }{Ci, arc then subjected to chromatographic analysis. The analyti- 
cal method commonly employed to composition is automated ion — exchange 
chromatography in an amino acid analyzer, 

(ii) Identification of the N -Terminal Residue: Peptides may be considered 
to be substituted amides; m which one and terminates in free — NH^ group 
and the other in free — COOH group Those are referred to as N — terminal 
and C— terminal residues respectively 

O 

n*NCIfC(NHCHt'0)„NHCHCOOH 

I I I 

R Pv R 

The N — terminal residue is deU i mined by two methods, one is known as the 
Sanger method and the second as the Ldman degiadution. According to the 
first method, the free % — amino grvnip reacts with 2 4— dinitrofluorobcnzcne 
(DNI B) to form a \ellow denvatne. This derivative is hydrolezed and a 
mixture of ammo acids is obtained of which on1\ one is labeled with 2.4— 
dinitrofluoro group. Trom this labeled amino aeid one c.indetci mine which 
%muio acid is leK.acd at the tciminal position. In the tdman mctheid, the 
free a— amino gtoupofthc pcptule is allowed to react with phenylisothiocya- 
nate to afford the corresponding phcinllhiocaibamoyl peptide. Thisderlva- 
tiie IS then treated with anhydrous HCl; (he N— tciminal lesidue is split off 
as a phcnyltbiocaibamoyl amino acid vhich cyclizes to the coitcsponding 
phcnylthiohydaution dciivative. This is then identified b\ gas— liquid 
chromatograph (glc). 


(lii) Identification of the C — Terminal Residue: The C— terminal amino 
acid of a peptide can be seleciiiely remoicd by the action of the cn/>me 
fftrhoxypepUdase, which specifically attacks the C— terminal peptide bond. 

(iv) Peptide Frapnentation: A number of methods may be used to frag- 
ment a polypcpudcor protein into smaller units. The roost useful method, 
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however, is enzymatic hydrolysis and sevcial of such enzymes are available 
for this puiposc such as pepitn, nvpsin, etc Nowadays, there aiefout types 
of structures that can ho associated with proteins. 

Primary Structure: This refers to thecovalnt backbone of the polypep- 
tide chain and the sequence in which the ammo acids aic connected along 
the chain The deteimination of piimarystructuiecroploys (he same experi- 
mental procedure a» are used for the peptides The elucidation of the amino 
acid sequence of a protein was flist successfully established for insulin by 
r. Sangei The establishment of the prim irv structure of other piotcins 
such as myoglobin, trvpsm hemoglobin, etc quickly followed. 

Secondary Structure This type of structure lefcrs to a regular recuirmg 
ora system.itK a'rangetnent in spaie of polypeptide chiin Linus Pauling 
and R B C’orev, by a cartful X-ia\ crystallogiaphu study showid thatthi 
peptide bond was a nguf plan ir structuic The hydrogen atom of — NTI — 
group IS nearlv alwavs traits to the oxygen of the carbonvl gioup as shown 
below 



Moreover, there is no freedom of rotation about the C—\ bond of tht 
peptide as this bon 1 has .i parti il double bond charattci I aulmg piopo^ci 
that a protein can fold itsclt in two wavs |i) ,-hehx ami (n) a pleated slice 
The * helix IS a spiral that can b; either light— hand, d or left- 
The tightly toiled polypeptide mam chain forms the inner pan of the r 
and the side— chains extend out waid m a spiral f oi m The * helix 
zed by H-b<inding between Mf and CO groups of the ^ 

group of ea. h ammo acid is hydrogen— bended to the Ml gioup ( f i 
amino acd that is situated for rc'^idues ahead in (he Hit u seqiuiuc. 


n 


I 


II o 
I 


II o 
1 


H O 


II O 

«4>-C-N-C-C-N-C C-N-C-C -kJ'-<'- 

H !<. H R. 1. K 

t 


I I 


R, O H K, 
t 
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left'hantfed 

helix 


The stability of the coil is goserned by the nature of the side-chain groups 
and their sequence along tlie chain, for example, proUne residues destabilize 
the « — helical structure. 

The P— pleated sheet differs markedly from the «— helix in that it is a 
sheet rather than a rod; the polypeptide chain is fully extended rather than 
being tightly coiled as m a—helix 
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The second important difference is that the ^-pleated sheet is stabilized by 
H-bonding between CO and MH groups in different polypeptides, whereas 
in the « — helix the H — bonds occur between CO and NH groups in the same 
polypeptide chain. The secondary a-helix structure is particularly common 
in keratins which an fibrous protein.s of hair and wool. Extension of the p — 
pleated sheet structure has been found in silk fibrogin secreted by the silk> 
worm Bombyse mori. 

Tertiary Structure: This refers to how the polypeptide chain is bent or 
folded in three dimensions as to form the compact and tightly folded struc- 
ture, This stnicturc is far mor complex than primaiy and secondary struc- 
tures because the polypeptide chains of proteins arc not arranged along one 
axis but aie irregularly and compactly folded. 

Quaternary Structure: This type of structure refers to how indivuiual 
polypeptide chains of a protein having two more chains are arranged in 
relation to each other. For example, hemoglobin in composed of four poly- 
peptide chains linked together non-covalently. 

26 6.4 Role of Proteins and Enzymes in Biological Processes 

The biological proccNCN arc extremely diverse and vaiious plot, in- have a 
different role to play. Protein^, are vital for the living oiganiNms I hey con 
stitutc an essential component of animal and human diet \ few iuncti<»ns 
of some specific proteins may be docribed here. Hemoglobin acts as an 
oxygen carrier from lungs to the tissncs, nwleoprotems form the important 
constituents of the cells that supply and transmit genetic message in eells, 
sperum albumin binds free fatty acids tightly, liporotein of blood plasma 
transport lipids between the intestine, liver and adipose (fatty) iinsucs. The 
blood proteins thrombin and fibrinogen participate in blood elotiing and thus 
prevent the loss of blood. Many of the hormones such as insulin and thyroxins 
which arc proteins regulate various metabollic pioccsscs in the body. 

An enzyme is a naturally occurring catalyst, A eatalyu is a substance 
which provides energy and thu.s makes the reactions go faster. Louis Pasteur 
recognized that formentation is catalyzed by ciuymcs. Today approximately 
2,000 different enzymes are known, may of them have been isolated in pure 
state. Many enzymes are named by putting a suffix asi" to the name of the 
substrate which they catalyze. For instance, urease, catalyzes urea to am- 
monia and carbi o dioxide, phosphates catalyze the hydrolysis of phosphate 
esters. Some enzymes arc given chemical names such as trypsin or pepsin. 
Many enzymes, in addition, to a protein part contain a non-protein com- 
ponent called the prosthetic group or eoenzyme. fen/ymcf work under mild 
conditions and arc extremely specific about the reaction that they catalyze. 
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In other words, a given enzynte attacks a particular substrate only. The enzyme 
catalyzed reactions are much more faster than the corresponding uncatalyzed 
ones. 


QUESTIONS 

26.1 Define the following: 

A prosthetic group, conjugated protein, a dipeptide and cii/ymes. 

26 . 2 Write structures of (a) any two naturally occurring neutral « — amino 
acids (b) any two naturally (Kcurring basic* — amino acid^ (c) an\ 
two naturally occurring acidic a — amino acids. 

26.3 In an alkaline solution, glycine, HjNCH*COO“, has two basic 
groups. What products would form on the addition of 1 equivalent 
t)f acid? 2 equiv? and 3 cquiv? 

26.4 A naturally occurring amino acid forms a monoacctyi dcrivatiie 
with exce.<!s acetic anhydride, but treatment with nitrous acid yields 
no nitrogen. Suggest a .structure for this compound. 

26.5 How will you distinguish between the following pairs chemically? 


a . Serine and threonine 

b. Glycine ethyl ester ai J valine 

c. Phcnylaninc and acctylphcnylaninc 

d. Aspartic acid and malic acid 


26.6 Why does prolinc give a yellow color toward mnlndnn? 

26. 7 Why is it ncce^sary to protect the group of «--amino acids' in 
ptdypcptide synthesis? 

26.8 Describe the solid phase method for the synthesis of polvpeptidcN 
Why is it so useful? 

26 9 What are amino aciiis and how arc (hey related to pjotcins? Give 
t hree methods employed for the preparation of amino acids? Dc.s- 

cribe giving equations, the action of heal on a. ? —and v —amino 
acids. 


26.10 Stale giving equations, the chemical 
which: 


properties of amino acids in 


a . Only an amino group is involved 

b. Only a carboxyl group is involved 

c. Both the groups are involved 

a- What arc proteins. How arc amino acids related to them? Dcs- 
cribe the important properties and reactions of proteins. 

K mothvsds of preparing pure amino acids. Since the 

haviour of «. and Y~flniino acids on heating. 
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26.12 What arc peptides* proteins and en/ymes? What is their importance 
in biological processes? 

26.13 a. What are amino acids and how are they related to proteins? 

Give three methods for the preparation of amino acids, 
b. Describe one method for the preparation of artificial silk. 

26.14 a. What are essential amino acids? Nante two of them and write 

their structures. 

b. How will you prepaie gl)Cine by the Gabriel method'' 

26.15 Would you expect an «— amino acid to he more soluble or less in 
water at its iso-electric point then at higher or lower values? 

26.16 Why should the iso-clectric point for aspartic acid (2 98) be so 
much tower than that of leucine (5.98)? 



27 

Tetpenes 


Tcrpencs and terpenoids occur abundantly in nature in the leaves and fruits 
of many plants. The tcrpencs are the simple ten carbon atom containing 
comptsund-s of the general formula They are colorless liquids and 

are lighter than water. They are highly refra''tive and insoluble in water. 
They arc responsible for the characteristic odor of many plants such as 
eucalyptus, citrus tree and pine needles. Their odor can be easily detected 
by f*. ,!jing the leaves of a plant. Tcrpencs may be regarded as dimers of 
ist>prenc and the linking of two units of isoprene can give rise to three types 
of tcrpencs, as illustrated below; 

a. Acyclic b. monocyclic and c. bicyclic 



Myrccnc 


Limoncnc 


Sabinene 


The term terpene usually is rc^tricted to hydrocarbons but in practice it also 
applies to compounds containing oxygen as well, these include menthol 
camphor, thymol, nicnthonc. etc. The one common characteristic of all ter- 
pcncs i.s that their carbon skeletons are eventually divisible into five carbon 
atom chains of isoprene and the two isoprene units .ire joined head to tail 
in u regular fashion in a terpene. 

(head. H) H,C»C— CH -- CH, (tail, T) or CH, -C-€H -CH, 

in, (in, 

Isoprene (!!— Meth>l— 
l»3_hu(adienc) 

This structural correlation is known ai ihc isoprene rule. This type of 
linking is shown for myrecne and liraonenc as follows: 
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Myrcenc Limononc 

Terpenoids are also called isoprawitls because of the occurrence in thetr 
structures of the five carbon atom tsopreite unit. The principal investigators 
in the field of terpcncs were Wallach, Scnimlcr, Bacyer and Tiemann. 

27.1 OCCtRRENCE OF TEKPENES 

Fruits, leaves, seeds and flowers of almost all the plants possess chaiactct- 
istic odors. This odor (essence) is due to the piescnce of sonic steam vola- 
tile compounds known as essential oils. These oils are a mixture of many 
compounds but some of them are simple and consist mainly of one com- 
ponent. Essential oils arc obtained by distilling the plant with water The 
oil is then extracted from the distillate with an appiopnatc organic solvent 
and is purified by fractional distillation. Some essential oils with their 
terpenoid constituents arc given below: 

Si'uri.c lupciiv 


Ro>c Cicranif^l 


buucturk. 




T urpemme 


a — Piijcac 


i arav^ay 


Cajrvone 



(ContiL) 
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Coriander and 
jcsamine 


I ucai>ptu:> 


LCfnon 


IVppernnnl 


C'ardamon 


Linalool 


Cincolc 


Citral 


Menthol 


Tcipmcoi 





Ginger 


Zingibcrcnc 
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For many years, essential oils have been employed commercially in food 
flavorin|[, as medicinal agents and in perfumes. 

27.2 CLASSIFICATION OF TERPENES 

Terpenes and the higher members (terpenoids) are classified according to 
the number of isoprene units. 

(i) rerpcne--2 isoprene units 

Citral CH,C -CHCH,CH,C-- CHCHO 

CH, Ah, 


Limonenc 


Pulcgone 


«— Pinene 

Oi) Sesquiterptne-^'i isoprene units {C,jH„) 

Farnesol CH,C=CHCH,CH,C CHCH,CH,C=-CHCH,OH 

in, (I'll, I'M, 

Cadmene 
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(iil) Diterpene — 4 isoprcne units 



Vitamin A 



fiv) Tritcrpene^b isoprcne units (€, 0 ^ 4 ^) 


Squalene 



(v) Tetraurpene—i isoprcne units 

Lycopene — a red pigment obtained from ripe tomatoes. 

(vi) Polyterpene — n isoprcne units (CsHgln 
Rubber— both natural and synthetic. 


27.3 CITRAL 

The main source of citral is lemon grass oil which contains this terpcnc to 
the extent of 60-80%. The oil is fractionally distilled and citral is obtained 
as a pale yeltow oil with the odor of lemon. It may furthci be puiified b\ 
making the sod. btsullite adduct and then dccomptssing it with ‘lod. cirbo- 
natc solution. Citral is an open — chain terpcnc. which when heated with 
acid, undergoes ring- closure to give p— cymcnc. 
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27 3.1 Coostitotfoo 

1. The molecular formula of citral is found to be 

2. Citral adds two molecules of bromine. 

C,oH„0 { 2Br, C,„H„OBr4 

This shows that citral is doubly unsaturaicd. 

3. Citral forms an oxime and reduces Fehling solution, which indicates 
the presence of an aldehyde gioup This is confirmed by its oxidation and 
reduction reactions. On oxidation, citral yields an acid (gcranic acid), while 
on reduction an alcohol (geraniol) is obtained 


V.o 

■ — „ C,Il„COOH 

-s C,»II„OH 


4. Heating citial with KHSO4 or an acid, yields/i — eyniene, an aiomatic 
compound The molecular tormula of citral is t'loHi/), it tomains two 
double bonds and an alJehjdc group. The molecular formula for the 



f — < >menc 

saturated compound obtained on reduction of citral is expected to be C,,Ha,. 
Since this corresponds to the gcnetal molecular foimula C«ll^,.jifor acyclic 
compounds, citral must also be an acyclic compound. 

5. A clue to the structure of citral is obtained on o/onolysis of citral 
which p>cs a mixture of three pioducts. 


«»• 

C,aHuO »- 


CH, 

\ CH,CHO 

C -O + i 
/ CH,CCH, 

CII, II 

o 


CHO 

-i I 
CHO 


\cetooc 


Lacwlaldebyde Clyoial 
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On the basis of these products, the carbon skeleton of dtral can be assembled 
as follows; 


C 



** C— C~-C~*-C C““C H O 
1 

c 


Putting the required hydrogen atoms gives the structure of citral. 

6. The above structure for citral was proved by its treatment with aqueous 
KjCO, and its conversion to acetaldehyde and an unsatuiated ketone which 
was identified to be 6 — methylhept — 5 — eii — 2— onc(l). Its molecular for- 
mula was found to be CgHjtOand it added one mole of bromine. Onozono- 
lysis this ketone gave acetone and laevulic acid. 





Acetone Laevulic acid 


7. This structure of citral is supported by its independent synthesis. 


Zn+ICHjCOOCjHs 
— — « ■■■ — » 


■"v"’ 

!l 

CH 

/ 

CH, 

U o 

V 

in, 

6— Methylhepl--.5--en~2-.one {\ > 


CH, CH, 

V 

CH 

ClC 

^H, OZnI 

V 

l\ 

CH,CH,COCX:,H, 


H+ H,0 
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1 


c;h,^ch, 

c 

CH 

/ 

CH, 

CH, OH 

V 

1 V 

tc ir,co),o 

— ► 

-H,0 

II 

CH 

CH, 

1 

CH^ CHC(X)H 

V 

^H, 

CH, CH,C(X)H 



l>istJJatu>n of < d 
^dit with 

— ... ^ 

<?odl formate 


(H, ill, 

\ / 


c 


II 

CH 

/ 

CH, CHO 

I I 

Clf, Clf 

\V 

C' 


I 

CHa 
<. ttial 


27.4 GERANIOL 

Gcranio} an acylic unsatur itcd piimars alu'hol aiui is the main consti- 
tuent of geranium lose, knion and raImato>>c oil, Ocramol has the rn- 
configuration while its stcieomcr, ncrol, is /rtins 


H,C QCHACCH, 

CH, CItCM.OH 

(jcro.n»>t 


H,C C(CII,),CCH, 

1 

CH, CHCHjOH 
Nero! 


Ceiamol, on reaction with dll H,SO, yields terpm hydrattl, but with dil 
phosphoric acid, dipcntenc is formed On heating under pi|;ssure at 200*, 
gcraniol is partially tsomcrued to a lert alcohol, Itnalool. 

OH 

(CH,),C.^CH(CH,),<l'Cir CH, . 
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Gcraniol is largely used in perfumery. It was first isolated from palmarose 
oil and has been found in numerous other essential oils. Geraniol esters 
such as geraniol formate, acetate, propionate, butyrate, etc., are used in 
perfumes, when a rose note is required prcdorriinanlly m perfume or as a 
subsidiary modifier. The alcohol ncrol which occurs m the essential oil of 
neroli, bergamot and others is also rose secreted and is prized highly in the 
perfume industry. 

27.4.1 Constitution 

1. The molecular formula of geraniol is found to be CjJIigO. 

2. Gcraniol adds two moles of bromine which shows that it contains 
two double bonds 


Oxidation of (Jeruniol with chromic acid yields a ten carbon aldehyde 
with the loss of a molecule of water 

Om Ovi 

C\oH, 80 ► CioH„0 Geranic acid 

This indicates that geraniol is ^ primary alcohol. The first oxidation product, 
has been identified ascitraland geraniol can be obtained from it 
by reduction. Geraniol therefore, must be the corresponding alcohol of 
citial. The carbon skeleton in gcraniol is thus identical to citral. Hence the 
structure of gcraniol must be formulated as follows- 


ClI,C-CHCH,CIIjC CllCH.OH 

i I 

CVh Clt, 


4. 1 his structure is further supported by its oxidative cleavage with 
aq. KMnOg which yields a mixtuic of the follovxing three products, as well 
as by its synthesis 


Cl I, 

O 

CH, 

Acetone 


CH,COOI! 

<!’H,CCH, and 

O 

i acsxihme asid 


COOH 

. I 

COOH 


Oxu'ic aod 
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Synthesis; 



fittansi'l 


27.5 IlMONENE 

Litnoncnc is a monocyclic tcrpene and is widely distribufcd in planl'» 
oranges, lemon, citron, caraway and bergamot. It is a Injuid which boils at 
1 17* and is optically active. It also oxidi/cs fairly readily on expoNure to 
air. A large amount of limonene is produced as a by-produciin citrus fruit 
industry and is widely used in the prefume industry. 

27.5.1 C'oBstIfution 

The ci'n’ititution of limonene i> based on the following information • 

1. Us molecular formula, from analytical data, i'* found to beCioH|„. 

2. The un-saturation in limonene is indicated by the formation i»f a 
tetrabromo derivative with two moles of bromine and the production ol 
p — menthane on catalytic hydrogenation. These reactions also demonstrate 
the presence of two double bonds in limonene. 

3. Dehydiogenation of limonene with sulphur (or selenium) results in 

/?~cymcnc. 



p — cytncnc 


Thus limonene contaios a cyclic, sut—membered carbon skeleton. 
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4. The position of the endocyclic ethylene linkage was based on the 
structure of a — terpineol. Limonenc can be readily hydrated in the presence 
of a dil. mineral acid to x<tcrplneol The latter, on dehydration can lead 



to two products (II, 111) Since both these products contain an endocyclic 
double b«'nd, therefore, it van bo nferred that hnumene also contains an 
endocyclic double bond. This has been estihlishcd by the oxidation of 
limonene which gives terpcnylic avid (IV) which on subsequent v)\idaUon 
yields teicbic acid (V) 


Limonene 


0x1 



ivrpcoyiic acid 


Imhic acid 


5. The position of the second oleftmc linkage is based on the structure 
ofcarvone. Limonenc adds nitrosy I chlondo (NOCH which on trcaimv'nt 
with KOH yields nitroso— limonene (cuivoximc) and flnaliy oa acid hydro* 
ysis results in carvone On this basis, the structure of limonenc can be 

foimulatcd as (Vf) and the above sequence of reactions can be written as 
follows; 
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Ltmotiene 




CaiNonc 



6 l This structure has been coafirmed by an ingenious synthesis i>f 
limonene 


C2H5OOCCH2 CHjCOOCjHj, 
CHj rM2 


I 

• COOC2H5 



f) CH3MgI 







a-~Tcrpineol Lioioaene (VI) 

27.S CAMPHOR 

Camphor U a bicydic ketone, iu prindpal natural source being Ctnnamo- 
mum Camphora (C^aropbor tree). It is a colorless crystaiHoc solid, m.p.l79* 
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Camphor is optically active and both the forms occur naturally. The ( b)- 
form is extracted by steam distillation of wood chips of laurux camphora, a 
tree found in Japan and China. The ( )>form occurs in certain essential 
oils, i.c., in the artemisin austrachanica. Camphor is used in medicines, for 
making smokeless powder and a^ a plasticizer for cellulose nitrate in the 
manufacture of celluloid. A common use of camphor is as a solvent in the 
Rast’s method for the determination of molecular weight by depression of 
melting point. 

Most of the chemical reactions of camphor arc characteristic of theketo- 
group. This group reacts with the usual reagents like phenylhydrazine. 
hydroxylaminc. sod. bisulfite, etc. On reduction it yields a secondary alcohol 
and this introduces a third asymmetric center into the molecule. Thus two 
cpimeric alcohols are obtained on reduction of ( { Veamphor. Oxidation with 
nitric acid results in the formation of camphoric acid. Camphor possesses a 
reactive methylene group adjacent to the carbonyl group and thus forms 




COOH 


('amphoric acid 



( — Vlhobomcoi 


isonitrosocamphor on reaction with HNOj or isopentyl nitrite, which on 
hydrolysis forms campboro(]uinone 



H>drobsis 



C 'amphoroq u \ non c 


Bromioation of eamphoi yields 3— bromocamphor which is converted into 
. bromocamphor — .3— sulfonic >cid on warming with sulfuric acid. 
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27.C.1 Comtltotioo 

1. The molecular formula of camphor is C,,H„0. 

2. Camphor forms addition compounds with hydroxylaminc, semicarba- 
zide and sod. bisulfite, and on oxidation with nitric acid leads to a dicarb- 
oxylic acid. Therefore, the oxygen atom is present as a kelo group. 

3. Camphor condenses with benzaldehydc to form a monobenzilidene 
derivative. This suggests the presence of a —CO -CH, grouping. This is 
further confirmed by the formation of isonitrosocamphor with nitrous acid. 

\c O 

J: CHC,H, 

4. On distiliing camphor with zinc dust p — cymene is obtained. It indi- 
cates that camphor contains one siv — membered ting 


\ 


C= O OjHjt HO 




Cio^ieo 


Zn 


♦ 


dl&tM ot on 



5, A clue to the structure of camphor comes from the identification of 
Its degradation prdducts. On oxidation with nitiic acid, camphor forms 
camphoric acid (C,#H„0,) and subsequently camphoroiuc acid (C,H, 40 ,). 
Camphoric acid (CjoHi.O^) is a saturated dicaiboxylic acid. It forms a 
monoestcr easily but a duster with great difficulty. Its structure has been 
postulated to be the following. 



Camphoronic acid is an acyclic acid in which the three carboxyl groups 
are attached to different carbon atoms as it is not easily dccarboxylated. 
On distillation at atmospheric pressure it yields isobutyric acid, triraethyl- 
snccinic acid and carbon diotide is evolved. 
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QHiA. 


CH, 

Distillation 


CH, 

HjcicOOH 

HCOOH+ I +00, 
/ H,CCCOOH 

CH, 


1 

H 


Now since camphor has a — CO— CH^— grouping its structure may be 
written as follows: 



Camphor 


6. The structure has been confirmed by its independent synthesis. 


5^ OC2H5 

C 

I 


Hj C-COOC2H5 
M3C-C-CH-, 
H2C-COOC2H5 



I 


No,CH3 l 

-*hx 




.COOC^Hj 




COOC7H5 


i Pt^ction 

> 

M } Myd«^oVs^s 




Camphonc acid 



Homocamphoro* Camphor 

nic acid 
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27. 1 Predict the products of the following reactions : 



c. 



HCI 
— »► 



n_CH3MgBr 
M ) H2O / 


c. 



CH2BrCOOC2H5 2n 
""■■■ ■■ ■» > 


f- H3fcH2COOC2H5 +CICH 2 COOC 2 H 5 ^ 
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27.2 How are terpenes classified? Give examples. 

27.3 Discuss the structure of limonene. 

27.4 What are essential oils ? Describe their uses? 

27.5 Suggest a mechanism for each of the following reactions: 



27.6 What are the important ^ources of gcraniol? Discuss its structure. 
How has it been synthesized ? 

27.7 if ow will you prove that camphor is a saturated cyclic ketone con* 
taming a — CH* — CO — group? 



Answers to Questions 


CHAPTER 1 

1.1 See the text 1,2 See See. 1.5 1.3 See See. 1.5 14 In cii — diol the hy- 
droxyl groupit are close together while in the Uoincr they ate tcH> r.)r 
apart, the former structure thus can form hydtogen-bond. l.SDuetointia- 
molecular hydrogen — bonding in o — nitrophenoi, the intei moleculat a^socl^u 
tion is reduced, this makes it more voKitile. Conversely because of mtiamolc- 
cular hydrogen- bonding. o~nitiophcitoi is incapable of forming hydtogm - 
bond with water and is thus less soluble in water compared to the other 
isomers. 1.6 See Sec 1.5 1.7 (a) The direction of dipole moments m these 
compounds is as follows 



I.5J D t95D 6.10 1) 


The values for the first two compounds show that Nil* and NOj gioiips 
induce dipole moments in opposite directions with respect to bcn/cnc In 
p — nitroanilinc the dipole moments of these groups reinforce each other to 
increase the net value. 

H 

I* - 

(b) There is ro«>rc charge separation in acetaldehyde bc'Cfiuse CH,— C—O, 

"t, 4 

contribution is gicater than | 

(c) Nitrobenzene would have a larger value than nitrt^methanc because 
of a neater distance of charge separation 1,8 H|SO| (S «« 0, 0 -•« 0>, 
C'0,(C » 0. 0 - 0). HCO,~(C 0, 0 -* - I). 

1.9 NH„ CH,OCH,. C,If,NH, and ICl will have a permanent dipole 
m^Mnent. 1.10 Because of the following orbital overlap. 
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This causes the central C—C bond to be shortened. 1.11C— -H,C— C 
and C-— Cl bonds arc hybridized, therefore, they would be longer than 
C -- C and C^C bonds. 

1.12 See the text 1.13C,HiNlt*and CH,OH possess dipole moment while 
CCI 4 and trans 1 --butene do not. 1. 14 See Sec. 1.51 .15 C,H 4 contains a C—C 
double bond in which a carbon atom is bonded to only three other atoms. 



1.17 CH,C e C—C = CCH, 

1.18 Linear, tetrahedral, tetrahedral, trigonal planar, tetrahedral, trigonal 
planar. 

1.19 See the text, 1.20 Carbon, 180*. 

1.21 The hydrogen — bonds formed between water molecules hold them in 
an "open network*’ structure in the ice crystal. As the ice melts, hydrogen — 
bonds are broken and the resulting liquid occupies less space than the 
original solid. 

CHAPTER 2 

' 2.1 (a) Hcx-l-en-5-ync (b) 3-Cyclopentyl-2, 4-dimethylpentane (c) 1,4-CycIo- 
hcxadicnc (d) Cyclopcnt-1, 3-dione (e) N.N. 3-trimethylbutanaraide (f) Etha- 
noyl chloride (g) 4, 6-Heptadicn-2-ync (h) Propcn-l-ol (i) 4-Penten-2-one 
(j) 1,2-Ethanediol (k) 2,3-Dichloro-3-mcthy’butanal (1) Methyl 3-amiao- 
propanoate (m) re/ru-Chloromethane (n) Ethyl-2-methyl-2*butenoate (o) 2, 
3-Dichloro-l. 5-dipentaaamidc tp) 3-Bromo-l-propcne (q) S-Carbamoyl- 
hexanoly chloride (r)Ethy 2.2-dimcthyl-4-oxobutanoatc(s)2-Methyl-4-oxo- 
butenonitrile (t) 2-Formly-2-mcthylcyciohcxanone (u) 3-Chloroformylbuta' 
noirackl2.2 (a) 4-Pentcn-2-yne (b) 2.EtbyM.pentenal (c) 2 -CMok>- 1.3. 
butadiene (d) S-Ethyl-S-methylheplanc (c) 1-Butene (0 3-Mcthyl-l-propyne 
(g) 1,3-Pentadiyne (h) 3-Butenoic acid (i) 7-Hydroxy-3-heptanone (j) Wex- 
4.cn-l-ol (k) ;>Buten>3>yne (i) correct 2.3 See p. 17 2.4 See Sec. 2.1.1 
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2.5 a. CH,ClI,CH--C~CH,ai 3 CH, 

([•H, CH3 

b. CH,CH,CH « CUCH - CUCFljCHj 

c. CHjCHjCH = CC’HaOH 

H, 

CHAPTER 3 

3.1 (a) Yes, because the two ^-Br groups are more elective in stabilizing 
the anion intiucthely (b) The tnfluoiomcUiyl group withdraws electrons 
inductively making the electron pair on the N-atum loss availablefor dona- 
tion 3.2(a) NH,, CHaCONH^. CH^COOU, ilCOOH, CCIjaiOH, 
CF,COOH(b)NH,. OH- (rUal.N. fHaNH*, NH,. C,H,NH, CH,OH 
3.3 See the text. 




The anion is stabilized by resonance with the ~NOa gioups. 

• Cdl. 

3.5 See Scc. 3.I..1 3.6 1— Butene 1 Butane 30 3 kcal inolo. I, 

t 

3 — Butadiene 2ir. — ► Buianc * 57 I kcal/mole. 1.3 --Butadiene might be 
expected t<> cvolvt twice ihc heat » f l-butene (30.3 1 60 6 ktal, mole), but 
it evolves only 57.1 kcal mole. T he diffcrciiee (60.6 .*>7.1) 3 5Kcal/niolcis 
the resonance energy (b) No, be% ause 2— -butenc has a lower heat of hydio- 
genation i2H kcal/mole) due to it> own stability. 3.7 Acids; BF,, NOt+, Ag*. 
Bases: CH,CN. HaO. Cll,OH, Neither HC «CIf. C,H,. IIF 3 « Scc p. 46 
3 9 p— Nitrophcnol, phenol, /s—ticsol. - NOa group is cic<;|lron‘ withdrawing 
whereas — CH* h' electron-donating 3.10 Sec Sec .3.3 (A) See Chapter 11 
(b) The radical is stabilized by resonance (c) Thechargec^tructures absorb 
in the visible region. 3.1 1 Because of the presence of three fluorine groups, 
the release of ^oton is facilitated. 3.12 None of the pure acid is ionized, In 
the mixture, however, stronger HClOa donates a proton to HtSOj. 

HOClOi -F HOSOaH H,OSO,H + OCIQ," 


eif 
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3.13 (a) CHjCHjCHCOOH is the strongest acid because the electron — with- 
<!l 

drawing Cl group is nearer to the carboxyl group (b) Propylamine 

3 14 See the text. 

3.15 C,HjCOOH + HjO C.H.COO- H*0+ 

ir tC.H5COO-KH,0^ 1 
“ [C,H»COOUj 

If the acid is half-ionized, then [C,HjCOOH] = [QHsCOO*]. In that 
case; 

Ka =: IHjOi or pH = pKo 

CIlAPl'KR 4 

4.1 See the text 4.2 a See Sec. 4.2 b. No The compound will not show 
optical activity as it is internally compensated because both the carbon atoms 
carry identical groups. 4.3 a. Positional b. None c. None d. Positional 
c. None f. i-unctional g. Geometric 4.4 a. No. b. Yesc. Yesd. No(because 
the trails arrangement around the double bond would put the remaining 
carbon atoms too far apart to form a ring) e. Yes. 4.5 Butanone 4.6 a. R 
b. S c. S d. S c. R f. S 4.7 See p. 61 b(i) Enantiomers (ii) Enantiomers 

4 8 a. 2 b. 4 c. 5 d. None e. 2 f. 2 g. 2 h. 2 4.9 a. trueb. false d. false c. false 
f. true g. false h. true i. false 4.10 tR)-MctbyIpcntanoic acid 4.11 See the 
text. 4.12 See the text. 4.13 See the text 4.14 See the text 4.15 A carbon 
atom linked to four different groups or atoms is referred to as asymmetric, 
t molecule with an asymmetric carbon atom has stereoisomers which are 

known as enantiomers, i.c., they arc optically active such as mandelic acid, 
C’^HjClIOHCOOH. Scveial classes ot compounds still show optical i.so- 
mensm despite the fact that they do not contain an asymmetric carbon 
atom, for instance, the diphenyl deiivatives, spiro comp^mnds. etc. There- 
fore. the essential condition for a compound to exhibit optical isomerism 
is that the mirror images are non-superimposabJe. this is known as dis- 
symmetry. 4.16 See Sec. 4.7. 4.1/ (a) Yes, possible for instance, ancnct and 
lactic acid. 


CHCOOH Ht/W CHjCOOH P. Br, BrCHCOOH AgOH HOCHCOOH 
CttCOOH CH,COOH BrC'HCOOH ^ HOC'lfCCXlH 
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CH, 

COOH 

CH, H 


-/ 




\oOH 


ciiwCrotooic acid irans — Crotonic acid 


(b) The capital letters D aiul L refer to configuration and hence no relation- 
ship with the sign of rotation (c) A meso form has a net rotation of zero. 
t.e. optically inactive and is a diastercomcr of each of the enantiomeric 
form of the compound. It cannot be resolved into its optically active com- 
ponents. A racemic form also shows an overall rotation of zero but it can 
be separated into its optical enantiomers. 4 18 See Sec. 4.4 (method 2) 
4.19 Sec the text. 4.20 (a) Sec .Sec 4.7 (b) Hnantiomcis possess identical 
melting points, physical and chemical properties. Both contain an asym- 
metric carbon atom 'Ihiy differ because the optical rotatum is equal and 
opposite 4.21 See Sec. 4.6,2, 4.22 CH.CHOIICOOH. 

CHAPTER 5 

5.1 See the text 5.2 Sec bcs. 5.5. J 5.3 Species A, B and C can be stabilized 
by resoqance 
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O OH+ OH 

, !t ll j 

5.5CH3CCHJ t ►ClfjCCH, kCH.C-CH, 

— »+ 

O 

Br, 8 

►CH,CCH,Br + HBr 

5.6 (CF,),C+. (CCI,>,C+, (CH,'),C-, lCHj),C,H5C+, 

5.7 ticctrophiles; SO„ NO,+, H,0+, Br+ 

Nucleophiles: CH,OH, RS-l, NH,. OH- 

CH.\PTER 6 

6.1 See Sec* 6 . 4:2 6,2 (a) See the text (b) No. it can be .in azeotropic mix- 
tune. 6.3 See the text 6.4 Since the solvent system mitialiy employed is non- 
polar and ncii— polar compounds are adsorbed only weakly on alamina, wc 
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cxpc*.‘t the least polar compound to be eluted first, i e. anthracene, p-cresol 
can form hydrogen— bond with the hydroxyl groups on alumina surface so it 
is strongly adsorbed and will be eluted last. Chlorobenzene is also polar but 
shows intermediate elution 6.5 C,H,N,0 6.6 122, C,H,0, 6.7 C.H4O 
6.8 C,H,Oi 6.9 C4Hj04 6.10 C,H,N 





c 




^N(Chj)3 

CH3 CHj 


rr 




NaOH, A 

6 12 CH,CH,CHC-0-^CH,ClK HJLH, ^ ^ 




CH, 


CHjCHjCHClIjOH t lf,CH,CHCOOH 


CH. 

ii 

6I3C4H4CHNO4 

I 

CH, 

A 


C.H,CIINH, 

iff. 

Optically active 


CH, 


C^ff^CH.CH.NO, 


I 

C.H.CH,CH,NH, 



OH 
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OH 


1 CO, 

j Pres 


Pressure 


COOh 


.COOh 


(> to CH^CIICHjOH 


j 

H,CC -CH, 11 ,( CC H 


OCKj 


j (i> Mg ether 

+ CH 3 I -»-CH,COOH 


tii) CO, 

(nw H+ H,f) 


CH, CH, OH CH, OH 

\ HCN \ / H,0 H*- \ / 

6.17 C =0 — ► C K C 

ch,\n CHj\ooH 

D is obtained by hydrolysis, therefore, C, would be 

CH, Bi 

X . 

tlf, COOH 

C is obtained from B by reacting with bi online and phosphv'rus. Jicnce B »•> 

CH, H 

V 

c4\ooh 
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The aldehyde is thus 


and the alkene (A) is 


CH, H 

\/ 

CH, CII, 

\ / 

C=CHCH 

/ \ 

CH, CH, 


6.18 C,HjCN C,HjCH,NH, ; C,H,CH,OH 

|koh |t>x. 

CJIjCOO-K^ C,lUCOOH 

6.19 C,H5CH,C00H 


NaCgHjOH 


KMnO. 




► c,h,ch,cooh 

vapor dcnsity-r''^ 


C,H,COOH 


Isomers; 



On oxi\lattoQ these isomers yield dilTcrcnt acids 


6.20 
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6.22 Molecular formula 
:ho 





B 


C 


|Oxl 

An acid 


ImO 


OOH 


aq. KOil 

6 23 C,If,CH,Cl ► C,H,CH,OH ► C.HjCOOH C.H, 

A 1. A ^ 

NaOH 

6 24 QHjCHO ► C,! I jCOO- QHjCHjOH 



C, 


soda lime 


NHj.A 

• 6.25 ClI,CH,COOH ►CH.CH.CONII, 

A B 


I PA 


CHjCir.CN 

C 


f 


lf ,0 H+ 

CH^H,CX)OH 


I Reduction 

CH,CH,rH,NH, 

|hxo, 

CH,(CH,),OH 



768 A Textbook of Orsanic Chomotry 

6.26 Molecular formula of A is C„H,NO, 




6.27 Succinic anhydride 

6.28 Since the ketone undergoes halofoini reaction it should cant.iin the 

O 

It 

grouping — C— CHj Formation of CHjCHO on oronolvsis suggests th.ii 

the alkene is symmetrical Therefore, the compounds ha\c thcfolKwinp 
structures 


\ 

B 

C 

D 


0 

CH,CH,CCH, 

1 

OH 


CH,CH CHCH, 


Cir,CH CHCH, 

V 


i 


CHAPTER 7 

7 1 Cracking is concerned with the breaking of the hig^ boiling petroleum 
fraction into smaller fragments by heating and in the presence of a catalyst 
The unrcactive alkanes break Into three and four carbon alkanes. 7.2 bivc 



Aniwers to Questions 769 


7.3 a. 


CH, 


itt, * 


CH^CH, 



Cl CH, 

CH,<!:— d:— CHaCHaCHaCHa 

1 1 

Cl Br 


b. 



CH, 

H,C 

. 

CH,— d— CH, d4 



<Ih. 



CH3 

CHa— CH— -i— CH,CH,CH3CH, 


6 


<^H, 


HCH, 


g. 


b. 


CH, 


\HCH,CHaCH,CH«CH, 


CH, 




C,H, 


C!f,(?HCH, 
CH,CHCHaiHCH,CH,CH,CH,CH, 
CH, 

CH, 

CHiCH,CH,CHCHCI f,CH, 

in 

(5h,\h, 


7.4 Neo Pentane 7.5 An octane number of 85 ineans that the /jo-octane; 
octane mixture contains 85% of fro'oetane. 7.6 (a) The latter compound 
has a lai^ger aorfhee area (b) Because it is more stable (c) Forms H-bond 
with water (d) It is incapable of being fragmented into unaller fragments 
(c) It Bmethuks as an anti-luiock. 7,7 Sec the text 
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7.8 a. CHjCH,CH(CH,), b. CHjCH,CH, 

CH, 

c. CH,— i-c H,a d. CH,CH{CH^ 

in, 

O yCH,CH, 

t CH.CH, 

g. CH 4 + CH,CH, + CH,CH CH, + H, 

7.9 S«e the text 

7.10 C,H, + (X + y/4)0, aCO, + >’/2H,0 

CO, .2.2g 


2 2 

weight of carbon ^ X 12 0.8 g 

weight of water 1.8 g 
weight of H =^{^^2 -^0.2g 


Atomic ratio : C : H ^ 1:4 

Therefore, empirical formula is CH, 

Weight of the hydrocarbon : 0.6 | 0.2 *» 0.8 g 

0 8 

In 22 41 (1 molar volume) the hydrocarbon is • 22 4 or 16 g 


Weight of 1 mole -- 16 g 
Molecular formula is Clf, 

Moles of oxygen required forC ^ and forH ^ 


Total oxygen required 005 ;■ 0.05 *» 0.1 mole 
7.11 See Sec. 7.6 3 and 7.8.7.12 See the text. 

7.13 CH,CH,CHdCM„ (CH,),CIICH(CH,V and CH/:h,CH(CH,), 

7.14 See the text 7.15 Orignard reaction, hydrogenolyshi and reductioo 


a 

with HI/P 7.16 7.17 See the text 7.18 See the text. 
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CHAPTER 8 

Cl 

8.1 (a) HgC - C— (!:— CH, (b) CH,CH,CH,CH = CHCH,CH,CH, 

A 4h, 

(c)CHaC =CCH,CH, (d)H,C=»C— CH =CH, 

in, in, H,i ch, 

CH, CH^H, 

(e) BrCIfaCFf = CHCH,Br (0 


0“* 

H3C 


8.2 See the text 8J Addition of bromine 


to maleic acid takes place in a trans manner. 

HOOC ^ COCM 
.C»C 

o' 


/ . ‘"''h 


M MOOC Br 

V_ 


Bf COOH M 


HOOC ^ H 


8r COOM HOOC Br 


CCX)H 


H A,XOOM 


When bromine is added to fuma*'? acid instead it is found t hat the two 
products are identical^ i c. a meso form is obtained. 8.4 (a) BrCHiiCH,Br 


andH,OOCH»CH,Br(b) 
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H+ 

8.C h,cch,chch/:h,ch,-^h,cch,ch 

A B 


\ 


O 

(I 

H^HgCH 8.7 See the text. 
t> 
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8.8 Sm Sec. 8.5 8.9, 8.10 See the text 8.11 (a) CNCH^CH. (b) CH,CH- 
CHj (c) H,COCOOCHaC«CHi (d) CH,CHC1, 8.12 Sec Sec. 8.7.1 8.13 See 

hJ; 

the text 8.14 See Sec. 8.4 8.15 See the text 8.16 a weak acid 8.17 See the 
text 8.18 See p. 141 8.19 See Sec. 8.5. 

CHAPTER 9 

9.1 (a) HOCH,CsCCH,OH (b) H,C -CHC3CH(c)ClCH,C=CCH,Cl 
(d) BiCsCCHCHaCHa (c) CH,C=C“Na+ 

(0 CH,CHaCHaCH*CHaC3 CCH,CH,CH,CHaCH, 


CH, H 

\ / 

(Cl c=c 

^ \eCCH, (Ih, 


CH, 

(h) IlCs^CticH, 9.2(a) 



OH 

CCH3 

O 


(b) CHjCOOH -4' HCOOH (c) no reaction 


I 

(d) ch,|x:h, 


(c) CH,CH,CHO (f) 



(8> 




CCM3 


• 9.3 Acyclic hydrocaibon 9.4 See the text. 9.5 CH,Cs:CH 9.6 Propync 
forms the rcd>coiorcd cu — acetylide, propenc a dibromo addition product 
while propane gives no reaction. 9,7 H,C-CH#-CH,-C:3CH 9.8 Three 

KaNH, CJLl 

isomers 9.9 (a) HC3:.CH HCasONa* ► HCsCC,H, 

(b) HCsCH 1 CH,C-CH CH^ -CH 

Ai 

/\ 

CH,CH«CH — ►CH.CH.CHO ^ CHjCH.COOH 
OH 
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•2 NaNH^ 


H,CX:«CCH, 


NaNHt aH(I Hj/Ni 

(«) HCsfeCH HChC-Na+ HCsCX:,H» 

NaNH, 

CH,CH,CH,CH,(d) HCaCH HC«CCH, 

CH,I CH,I 

O 

BIL HLO-/OH- !' NaNH^ 

CHjCHjCCH, (e) HC«CH > HCb-CCH, 

CH,1 

Lmdiar Catalyst HBr (i> NaNH, 

H,C---CHCH, — ► H,CCHCH, (0 HCsCH — 

H, I (n) 01,1 

Bi 

Lmdtar Catalyst 

HCaaOCH, CH,-CHCH,9.10 See the text. 9 1 1 See the text 

H, 

BH, OH- 

9.12 CH,CH=-CH, (CH,CH,CH,>aB CHjCHaCH.OH 

O 

BH, H,Oj/OH- 

CH,Ca5CH ► (CHjCH CH)jB CH, C CH , 

CHAPTER 10 

10.1 See the text 10.2 See the text 10.3 Sec the text 104 See the 
text 10.5 Addition polymer 10.6 To harden and improve its properties 
10.7 See the text 10 8 Sec the text 10 9 Radical' initiator, inhibitor, 
chain transfer, radical initiator 10.10 Coupling, disproportionation and 
chain transfer reaction 10.11 a. No, b Yes, makes If -bond with watci 
c. Yes, d. Yes, non— inflammable 10.12 See the tc.\t 


10.13 a. 




H 


H 


b. 


d. 




0 

R 


n V 

H-C-H-CH,), 




H 


H 




I 

C^Ha 
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10.14 Isotactic 10.15 See the text 10.16 See the text 
CHAPTER 11 

11.1 (a) 2-Mcthylcyclopcntanone (b) efX’l,3>DichIorocyclobutene 
(c) 3-Oxocarboclhoxycyclobcxane (d) 4.ChJoro-4-raethyIcyclohexanone 
(c) c/j*l-Chloro-4*inethyIcyclohexane (f) l-Ethylcycloheptane (g) Cyclo- 
propane carbuxyaldehydc (h) Cyclopent-2-en-I-ol (i)Cyclohexylcthanamide 
(j) 2-Cyclobutylcthyl chloride (k) 1-CycIohcxenecarboxylic acid (1) 2-Cyclo- 
butyl-3-methyM-butene (ra) l,3-Dimethylbicyclo{l .1 O] butane (n) Bicyclo 
[4.1-0]hcptanc (o) 7,7-Dimetbylbycyclo[2,2. l]hepta-2,5-dienc (p> Cyclo- 
pentanecarbunitrile (q) /w«J-2-Chloro-I,2-dimcthykyclopcntanol 11.2 See 
the text 11.3 Sec the text (r) Bic}rclo[3 . 1 .Oj hexane (s) Bicyclo[4, 2 .Ojoctanc 
(7)-Methyl bicyclo[2.2.1J hept-2-ene. 



11.6 (a) Addition of bromine or Bayer's test 1[b) Same as m (al (c) Bromi- 
nation of cyclopropane (d) Same as in a (e) Bromination (Bra Fe) of 


benzene 11.7 



Putting a triple bond in a small ring is energeticaUy unfavorable. 
11.0 Because of the presence of large bond angle strain. 


aurmt iz 

12.1 CiHtOCHg, C«HtNOt 12.2 Nine isomcrcs 
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Reaction coordinate 


At low (em|>er4ture «— Momcr k formed because the corresponding ion is 
moie staUe but the thermodynamicaily more stable isonser results at a 
high temperature. It» formation requires a higher activation energy com- 
pared to the a— homer 



12.6 (a) 



Aotwm lo Que*fio»)» W 




*00 



1Z.7 Isomeric xylenes 12.8 See the text 12.9 Slowly, NO^ deaaivating 


12.10 C.K Af-=CHCIIj ► 


aq Base 

C,H6CHCHCH, C,H,CHCHCH5 

Cl il OH OH 

B ' C 


0x1 

»-C,H,COOH , CH»COOH 

Om 

12.11 O'Xylene — • — »• Phthalic acid 12.12(a) See the text 


(b) 



H2SO4 NiOH NHj NaNQjA^Cl Cu8« Mq 

755^ — ** * — •’ 7 ^ 



12.13 Seip the text 12.14 See the text 12,15 —OH is elect rou'donating 
group thus activates the ting 12.14 See Sec. 12.5 12.17 See the text 12.18 
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(a) See Sec. 12.9.6(b) See Sec. 12.9.3 12.19 isomer is thermodynamically 
more staUe 12.20 Ethylbenzene and o*-xylene 12.21 See Sec. 12.5 12.22 See 
Sec. 12.9.6 12.23 —NO* group deactivates the ring 12.24 See the text. 
12J2S See the text 12.26 TTils implies that electrons are delocalized in the 
ring 12.27 Sec the text. 12.28 (a) — CH, group is an activating (b) —Cl 
withdraws electrons inductively (c) r- Butyl is an activating group (d) See 
p. 276 (e) —NO, group is a strong deactivating group in the F.C. reac. 
tion(f)— NH, group complexes with AlCI, thus becomes deactivating. 

12.29 (a) no (b) no (c) no (d) yes (e) no (f) no (g) no (h) yes (i) yes 

CH,aCHa, KMn04 

12.30 (a) C,H, C,HsCH, ► C,H»COOII 

SOCl, NH, 

► C,H,COCI ► C.H*CONH, 

CH,CI/A1CI, fir,/FeBr, 

(b) q,H, C^HjCH, ► p— BrC,H4Br 

p-BrC*H4CH,Br 

Br, FeBr, C'i,, hv 

(c) C,H4CH,CH, p— BrC4H4CHjCH, p— C,H4CHCICH, 

Ale. KOH 

► p— B iC4H4CH«CH, 

HNOj/HSO, - CIj'AICI, 

(d) C4H, •> C,H»NO, ► /«— CIC4H4NO, 


Zo/HO 

W-CIC4H4NH, 


KMnO, SOCl, 

(e) C*HsCH, ► C*H4C00H ► C,H*COCl 

NH, 


P,0, 

►C,H,CN 


CHAPIER 13 

13.1 (a) CH,Br > CH,CH,Br > (CH,)^HBr > (CH,)^Bjr 

(b) (CH,)dCCHilCH, < CH,CHaBiCHCH, < CH,Ci^^H«Ct 

ii 
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13,2 (i) Kinetics (ii) Stereochemistry (Hi) reactant structure (iv) solvent and 
(v) mechanism 13.3 i>Chloro-2*butene>l>chlorobutane>l>chloro>l-butene 


in Siv2 displacement 13.4 (a) In 



the two individual 


dipoles cancel each other (b) See the text (c) See the text (d) Does not hy- 
drogen-bond with water (c) Because the m — nitro group does not activate 
the ring towards nucleophilic attack, (f) The benzyl cation is stabilized by 
resonance (g) A better leaving group (h) Stcric hindrance to 8^2 attack 

Mg 

(j) It undergoes decomposition. 13.5 C*HjOCH,CH*Br > 

ether 


H,0 

C^Hj— O— CII,— CHi Mg+Br ► C*H,0-*-^H,C=CH,+Mg+Br > 

H,C»CH,-|-Mg(OH)Br 13.6 Eight isomers 13.7 See Sec. 13.6.2 
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CH, 

13.10 step 13.11 i-CH, 


13.12 wt. of C « 0 00532 g 
wt of H ^ 0.0089 g 
wt. of a =» 0.22 ~ (0.0532 J- 0.0089) g 
- 0.1578 g 
£.F. « CH,C1 


vol, at Nrp - 


= 27.18 ml 


Mol wt, 98.9 
M F. « C.HjCl^ 


13.13 Cyclopentenc 13.14 CeH«CH,CH,Cl 

A 


OH- 0X1 

> CgllsCHaCH.OH ^ 

B 


K-NCI- 


C,HsC»aCHO 13.15 CH,CHCH.a 

\:h3 

CH/:HCH,N(CH,)* t3.I« See the text 13.17 Sec the text. 13.18 See the 

I . 

Cl 


CHj— CH CH. 1 

cV 
/ \ 

H,C CH, 


text. 13.19 See the text 13.20 Sec Chapter 12. 13.21 See the text. 
13J3 Substitution of a methyl group at the C C bond has a stabilizing 
effect due to faypcrconjugation. 13.23 ThcCN- ion can be described by two 

resonance suctures ;C.:;N: < ► ;C:;N:“ in which case a formal negative 

charge is (daced on either C or N atom. 13.24 m— Nitro group does not 
produce the activating effect 13.25 Because the rate depends only an the 
concentration of f-butyl bromide ion (Sa?! reaction). 13.25 ^cause this is 
the order of stability of carbocations formed after thecleavAgeortheC*~Cl 
bond. 13.27 (a) rate « k [C,H»Cl(.ClHNaN,) (b) See the tei^t (c) Doubled. 


CIUPTER 14 

14.1 See the text. 14.2 (a) o-^Cresot gives colortdion with FICI, (b) Phenol 
gives colofatlon with FeCIt<c} Bthyl acetate responds to todofwtn test (d) I- 
Pentanol responds to iodoform test (e) Plutaol gives coloration with FeClt 
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14.3 Eight isomers 14.4 (CH^CBr, (CH^C -- CH,; (CH,),COCOCH„ 
(CH,),CO-Na+, CH 4 , no reaction. 14.5 Sec the text 14.6 (CeHjyXHjOH,. 
< (C»H#)CHOHCHj < (C«H 5 )jCOHCH 3 . 14.7 (a) It loses Ihc aromatic 
stabilUation (b) The alkene is more stable due to resonance (c) Because 
the other products are gaseous (d) 2-Methyl-2-pentanoI yields a stable 
olefin (e) The phenoxide ion is stabilized by resonance ({) Ethanol contains 

the n - ^—OH grouping (g) Forms a stable tertiaiv caibomum ion. 

in, 



(\IhOJI 

C 

K 

H, evolved 

no reaction 

NaOH 

np reaction 

forms salt 

PBr, 

forms bromide 

no reaction 

HBr 

forms bromide 

no reaction 

PCI 5 

forms chloride 

no reaction 

SOCI, 

forms chloride 

no reaction 

CHaCOOH/H+ 

forms acetate 

forms acetate 


CH.aq KMnO, CHgOH PCI, KCN Red 

14.9 ■ ► I (b) C,H,OH — ► C 4 H 5 CI — ► CjH.CN — 

CHj CH,OH 

HNO, 

CjT 1*CH,NH, C*H,CH*OH 


('•■) C6M5OM jjC02,12S* 
iOH^ 


(d) 





HBr aqueous OH~ 

(e) C.H^CHjCHjBr ► C,H,CH,CHiOH 

Feroahto 
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(0 





C6H5OH aziliL 


CT "=-0 


-HQO . 


a 



(j) 


a-o 


^ -cr-a 

(k) CH,CH,PH^H,OH CH,CH,CH«Clfg CH,CH,CHCH, 

in 

***“ Hoa 

CH/:h»CHCH, CHjCHCHCH, 

I I 

OH Cl 

14.10 


050*0S0<yp-t>p 
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14.11 (a) Because of intramolecular hydrogen-bonding 

(b) ^ MQlCMgleOH 14.12 See the text 


14.13 


FcCl, 

Oxidation 

Na 

Br, 

HBr 


QHjOH 
Coloration 
No reaction 
No reaction 
A solid derivative 
No reaction 


CjHiOH 
No color 

Oxidized to aldehyde 
Evolves Hj gas 
No reaction 
A bromide 


14.14 See the text 14.15 See Sec. 14.11. 


HI 


14.16 


Glycerol- 





(COOH), 

1 . . _ 

no* 


(COOH), 

2(50“ 



HNO, 


CH,I 

im 

I 


CH, 

II 

■> CH 


-I. 


CH,I 
CHjOOC— COOH 

inoH 

I:h*oh 


CH,1 


CH,COOH 

irHOH 


— OOg I 

CHgOH 


CH,-OOC 

CH— ooi 

I 

CHjOH 

CHgONO, 

(inoNo, 

!:H,ONOi 


CH, 

A 1| 

*. CH 

—CO, I 

CH,OH 


14.17 See the text 14.18 See the text 14.19 Sec the text 
14.20 (a) No reaction (b) Benzoic acid ' 
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(d) I,3,S*TVtmethy]benzen« 

(e) Qyclohexyl chloride 



14 21 Hydration, hydroboration and oxymcrcuration of alkcncs 14 22. The 
mitiaily formed carbocation undergoes a — CHj shift to form 

(CH,)aC-C<CH,), 

and 

CHj -CCH(CH,), 

I 

CH, 

14.23 (CH,)jCOH. 

CHAPTER 15 

15.1 (a) Propylene oxide (b) m—chloroanisolc (c) dfs — p— Methoxyethyl 
ether (digIymc)(d)DioieUiylenc-di-broBio ether (e) Cyclohexyl /--butyl ether 

(f) Ethoxycyclohcxaoc (g) teo-Propyl ether (h) p— Bromophcnetole (i) l- 
Ethoxy-2 — methoxycyclobutane (j) I— »so — Propoxymet^ylenccyclohexa- 
none. 15.2 In THF, in contrast to furan the electron pairs^are available for 
H'O'btmdmg with water IS 3 (a) Ethanol gives iodoform t^t (b) Ethoxye- 
thaaol gives the it^oform test (c) Boi^l iodide with AgNO| yields Agl, (d) 
Ethyl allyl ethef decolorizes bromine water (e) p—Medfoxyphenol gives 
cdioratlon with FeCl|. 15.4 See ttte text 15.5 See Sec. 15.8 15.5 Four 
tsomers 15.7 HOCUa OU/KM^HsOH 15.8 CH/:H»OCHt (a) 15.9 
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H,C»=CHCHiCH,Br+CH3Br (b) CO, f OH,OCH(COOH), 

(c) BiCH/2H,CH,Br+CH,Br 

(d) Jf,C»CHCH,0-K+ (e) No reaction. 

icH, 

CHAPTER 16 

16.1 (a) 2-Methoxy-3,3.N,N-tetramcthyl— l—butanamine (b) 4-Nitro- 
butanethiol (c) l-(Ethylthio) propane (d) 2— Butanethiol (e) o— Ethyl- 
benzenethiol (0 3 -Ethoxy— N,N,2—trimethylpropanamide (g) 2-Methyl— 1 
(methylthio)-butane (h) 1-Dodccanethiol 16-2 Sec the text 

O 

II 

16.3 CH,(CH,),S(CH,),CH,. CH,(CH,),S-Na+, CIVCH,),SCCH,. 

O 

II 

CH,(CH,),— S— OH, CH,CH,CH, 16 4 Take cihancthiol as an example: 

n 

o 


C.lIjSH 


^ CjHsSSCsH, 


O 

KMnO« , 

C,H,SOH 

II 

O 


16 5 See Sec. 16.9 16.6 (i) 2C,HsSH f RCHO ► RCH(SC,Hj),-i-HsO 

O 

11 

(il) 2 C,H,SH f RCOa ► RCSC,Hj-l-Ha 

(iii) 2C,H,SlI+(CH,COO),Pb ► (C,H,),Pb-i-CH,COOH 

(iv) 2C,HjSH • HjO, ►C,HjSSC,H,+2H,0 

CHAPTER 17 

17. 1 (a) Methyl ethyl ketone (b) 4 —Methyl pentanal (c) 2— Chlorocyclopent- 
anone(d) 3-Methylcycloc8rbOKyaidchyde (e) />— Nitrobenzaldchyde (0 w — 
Bromoacetopbeoone (g) Propenal (h) Salicylaldehyde (i) Ethyl 3— formyl- 
propmoate (|) 6— Oxo<octanal (k) 1, 1— Dimethoxyethanel?.! See the text 
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17.3 (a) Benzaldehyde does not potsessan o-'carbon atom (b) It forms intra* 
molecular H>bonding (c) UButanoI is more polar (d) It contains an active 
methylene group (e) Because the protonated ketone is highly stabilised by 
resonance (f) Clemmensen reduction is subject to steric hindrance (g) Be- 
cause hydroxylamine is stable as its hydrochloride (h) Electron-donating 
effect of — OCH| group reduces the electrophilicity of the carbonyl car- 
bon atom (i) Because of steric hindrance. 17.4 Because an a— hydrogen 
atom is acidic 


O 

17.5 (a) H,C;--<5CcHCX)OCaH» 
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(P) 



(q) /»-ClC,H,CHO 


(t) alkylation 


O 

(s) (CH,),COC,H, (tJ(CH^,CCOOH + (CH,),CCH,OH 

17.6 2-Butanol, Acetone, 2-Pentanone 1-Phenylethanol 17.7 See the text 

17 8 See the text 17.9 CtHjCHO 




In large quantities, AlCl, complexes with^ O group to give m— bromo- 

acetopbenone. In small amounts, however, it acts as a catalyst to form 
phcnacylbromide 17.11 di-/-ButyI ketone, m.thyl r-butyl ketone, acetone, 
acetaldehyde 17 12 (a) Propanal gives Tollens’ test (b) Acetone frums iodo- 
form (c) Acetaldehyde responds to iodoferm test (d) 4-Peatyn-2-one forms 
an acetylidc le) Acetone forms iodoform (f) 4-Bromo-2-butanone forms 
iodoform (g) 2-Pentanone yields iodoform 17.13 In the case of the acid the 
double bond is activated due to the presence of a —COOH group. 


O o- 

>1 i 

H,C=CHC -OH 4—^ H,+C-CH -C-OH 


H+CN- <^| ? 

►CNCn.HC C~OH 


O O 

H+ 

— ► CNCHjHC— C— OH CNCH,C1I,C— OH 

. ai,a,AlCI, K.MnO«/OH- 

17.14 (a) Sec the text, (b) C,H, > C,H»CH, — ► C,H»COOH 
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SOa, (CH,),Cd 

C,H,COCI ► C,H,COCH, 17.15 (a) Sec the text (b) See the 

text 17.15 See the text 17.17 See Sec. 17.6 17.18 See the text 17.19 Sec 

Oxi 

Sec. 17.3 17.20 See the text 17.21 (a) See the text (b) CH,CHO »■ 

O 

SOCI, (CH,),C<I |j Red 

CH,COOH — ► CH,C0C1 ► CH«CCH, \ CH^CHO — ► CH,CH,OH 

PCI, Na+OCjH,- 

► CH,CH,a ► CH,CH,OCH,CH, 17.22 See the text 

a,, bv Na+OC,H,- Oxi 

17.23 C,H,CH, ► C,H,CH,CI C,H,CH,OH — v C,H,CHO 

A B 

Perkin 

► C,H,CH«CHCOOH 

reaction 

CHAPTER 18 

18.1 (a) 2-Batenoicacid(bJ 2-Cyclohexenecarboxylic acid (c)2-Cycloprop>l- 
propanoic acide (d) Benzoic anhydride (e) 2,2-Dichlorocthanoic acid (f) I. 
5-pentanedioic acid (g) N-ethylethanamide (h)5-Oxo-pcnl*2-cnoic acid (i) p — 
Toluic acid fj) Cyclohexyl benzoate (k) /rfl/«-2-Methylcyclohc\anecarbo- 

C’r,0-/H+ 

xylic acid 18.2 See Sec. 18.9 18.3 (a) ►C.H.COOH 

OL Fc 

— !-► m~ClC,H,COOH (b) V7 CH,OCH,CH,OH 

V 

a, 07 /H+ 

CHgOCH^COOH 
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Br,/P OH- 

(d) CH,CHiCOOH *. CjHCHCOOH ► CH,pHCOOH 

Br OH 





Br,/P OH- 

(i) CHjCHjCOOH ► CHaCHCOOH ► CH,CHCOOH 

Br in 


H+ 

►CH,=CHCOOH 


(CH,),Cu Li UNO, 

0) C,H,Br C,H,CH, ► p-NO,C,H,CH, 

O 

KMxtOJOHr SOCI, {Clf^Cd {| 

►,’»-NOyC,HaCOOH ► /J-NOaCaHaCTH, 
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(i) C-lLLi KMnO, SOO, 

<k) / \ ► C,HjCH,CH,OH ► C,H»CX)OH ► 

(ii)H+ 


NHg P,Oj 


C,H»CN 


CYO-Clj IKTSf 

(I) QH^CHa QHjClIO ► CoH.CHOHCN 


H,0/H+ / 

► C,HfiCH 

\_ 


COOH 


(0 811. ; Nrtoa 

(ni) CH,C«CCH, ► CH,CH,CCH, ►ClUCHaCOOH 

(lO 0 x 1 

M+ H H^C0»,0 

(n) C.KsOH+CO, ► o— H(X\H.CC>OH ^ 

11+ 

o-OCOCH,C*HaCOOH 

(1) Mg cthci I ( I’C’lj 

(o) C.HjBr -> C.HjCOOH ► C,n,CH,OH 

«ii) CO, 

m) Mg etber 

C,H»CH,qi — ► C,H*Cll,CHOHCH, 

(to CHjCHO 

O 

If 

IM V4J C,H»COOH + C,H,0} f C,l I^CNHC,! 1, 


NaHCO, 


o I 


C,H»CNHC,H» - C,H,OH C,H»COO“Na+ 


NaOH 


U 


CJH,CNHC*H, 


C,H,0-Na^ 
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(b) o*Crcsol+Benzoic acid I- Pivaiic acid 


NaHCO, 


o-Cresol t Pivaltc acid 
i NaOH 


CeHTjCOO-Na^ 


o-CH,C,H 40 -Nd^^ (CH4)4CCOO-Na+ 

Cl 

O CH»CMl.OO»< 

(c) 



(d) C^HjCHCOOH 

I 

Br 


(e) C,H,CHjCH,CH^OOH (0 



Rr 


(g) CsHjC'H-CHCOOC.Hj (h) 
OH CH, 


lO C0,4H,0 



COOH 




O 
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18.7 See Sec. 18.5 18.8 18.9 I I 


18.10 (a) Formic acid decoluri/es aqueous KMn 04 solution (b) Lactic acid 
responds to iodoform test (c) Crotonic acid decolorizes KMnOf solution 
(d) Acetyl chloride evolves heat on adding water 18 11 Molecular formula 

c;h ,04 

3. .112 mg of the acid 7 .M ^ Ul mg of NaOH 

105 „ 7.33 < .01 mg of aX)!! 

7.33 . .01 . 45 A 104 
■'3.312 

Now 45 g one COOH group 
X 2 COOH groups 

18.12 See Sec 18.15.2 18.15 See Sec. 18.15.1 18.14 (a) See the text (b) Sec * 
the text 18.15 Sec Sec. 18.5 18 16 See Sec. 18.8 

Hi 

18.17 CHjCHOOOH CH,CH,COOH 18 18 See the text 

(Ih 

-HaO 

T 

CH,^-CHOOOH 

18.19 See Sec 18. 15.3 18.20 See the text 18.21 See the text 
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CHAPTER 19 

19.1 See the text 19.2 See See. 18.10 



OLi+ 


O 


CHjLi C 1 

(b) C,HjCOOCH, QHsC-OCHj ► C.HjCCHj 


ilf. 


-OCH. 


O' 


OH 


O 


i H+ 1 .. OCH,- ' _ 

C,H.CCH, ► C,H,-C-CH, (c) C,H„CNH, ► C,H„CNH 


fcH, 


. CH, 


O O 

-i OCH,- 


O 


Br, , _ 1^ 

-> C,HuCNHBr > C,H„CNBf >■ C,Ha— C~N: 

Vjl 


CH.OH 


C,HuN-C - O ► C,H„NHCOOCH, 19.4 Sec the text 


O 

19.5 (a) CH,CH,CH,CNC,H, (b) 8r 
H 



O 

CKjCHi-c"^ O 

\ II 

O(d)CH,CH,CH,CH,CH,C0CH,CH,CH,CH,CH^H, 





Aoswen to Questions 795 
O 

O CHr-C'^ 

GHjOH \ HjO 

(b) C,H,COCl >■ QH^OCjHt (c) ► 


soa ^ (CHUXd I 

CHjCOOH ► CFfitoCl CHipOCH, (d) C^^COC,H, 

O OH 

(i)C,H,MgBr (!) CH,MgBr | 

CHJCC,U, CH3CCi-,CH,CH, (c) (CH.),CCOOH 

00 H~ (11) H+ I 

OH3 


O 


NHs 


Brj/KOH 


«. (CHj) 3CCNH, *- (CH,)4CN C O (f) CH,CH,COC;,H, 


NH4 PPt H+HjO 

► CH,GaH,CNH, ► CH,0H,C^N (g) CHsCH,CsN 


O 

, Br,/KOH 

CH,CH,CNH, ► CH,CH,NH, (h) See the text 


CJH^ 

\ 

CHCH-Br 

COOC,H, / 

... Na+OC,H,- CH, 0) OH* A 

(i) CHj — — • ' ' ■ ■■■■ " ' > — -III — » ■■ ' > 

\ (H) H* 

COOC,H, 


CH, CH, 

\ BrJP NH, \ 

CHCH.CH,COOH -.‘-h- CHCH.CHCOOH 

/ I 
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O 

19.1 See the text 19.8 Four isomers 19.9 (a) C*H,CX:h,CH^CH, 

O O CH, 

(b) CH,CIf|^H,COH (c) CH,CH,CH,COcf^ 

\h, 

O O CH, 

(d) C,H,NHCOtt,CH,CH, (e) CH.CH^H,CN^ 

^CH, 

O 




(0 


\ 


C 




O 


o 


19.11 CHjCH^CH,), 
19.13 (•) CH,C*NH+ 


O 

(g) no reaction 19 10 CH,CH,COCH,CH,CH, 


O 

19 12 CH,CH,CH,COCH,Cn,CH,CH, 


(b) H0CH/i!H,0CH, (more electron density on ether o\ygcn due to^ 
electron release by CH,) (c)HOCH,CaCS~(the negative charge on oxygen 
is on a smaller atom, therefore, more capable of protonation) 


+ 

(d) OH (c) HONH, (nitrogen m less electronegative than oxygen) 
HCOH H 
NH, 

(f) HOCI (dekmalization of charge malms it more stable) 


(h) (X?H,CsCH (carbon is less eiectrose^tive than oxygen) 



Aatwen to (^lettions 797 


♦OH 

J| 

(0 CH,COC|Ht (delocalization of charge) 19.14 H,C-CHCH,CN (base), 
BrCHjCH^N (acid), CH,CH -CHCHjCH»CN (base) 

CHgO/AiCl, Br,/hv Mg/ether 

19.15(a) C,H, C,HC,H, ► C,HiCH,Br ► 

(1) CO, CH,OH/H+ 

C,HgCH,MgBr >- C,H,CH,COOH ► C,H^H,COOCH, 

(ii) H+ 


O 

CH,CH,- 

AgNO,/NH,OH P, 0 , 

(b) OH,CH,CHO ► CH,CH,COOH — ► 

CHiCH.- 


O 

SOCIj Cd 11 HjNOH 

(c) C,H,COOH ► C,H,COCl ► C,H,CC,H, 

r,H, o 

\ H+ II 

C«NOH — *■ C,HjCNKC,H, 19.16 Sec the text 19.17 See the text 

c { h , 

19.18 See the text 19.19 See the text 19.20 Sec the text 19.21 See the text 
19.22 See the text 19.23 See the text 19.24 See the text. 


19.25 Mol. weight of tristearin = 890 
Saponification No. = g— x 1000 ^ 188.7 

Saponification No. of 90"o purity = X 90 = 170 

19.26 See the text. 

CHAPTER 20 

20.1 (a) No reaction (b) CiH^SOb” Na+ (c) C,H,SOb-Na^ 

(d) (e) CO^ C,H,SOb-Na* (f) C,H,(de»uIfoi»atioii) 
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(g) no reaction (h) in'C,Ht(SO^H)| (i) CiHaSQ^** and H,0^ 
(j) {C,H,SOi),-Ca++ 

Cone. H 1 SO 4 NaOH FUse with 11'*^ 

20.2 (a) QH, C,H,SOiH + C|,H|SOi,- Na+ — ► 

NaOH 


QHtOH (b) C,Hf,CH, same as in (a) 



C*HjOH 



(d) ii2!9L,.C^S0jM 




20.3 (a)o,/> (b)p (c)o,p (d)o (c)o(0ff» ^X)<» 20.4 (a) «-Xylcne 
(b) QHiSOgO-Na*- (c) no reaction (d) /n-Nilrob^nzenesulfonic acid 



(f) O'Toiytsulfonic acid 
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D 


20.7 Antline+P'MethyibenzenesuIfonamide { Sulfaniiamide -f N, N'EHffl- 
(•) (b) (c) 

cthylbenzenesulfonamide 

(d) 


NaOH 

a, c, d salt 

HO 

filter (d) a, c, salt 

20.8 See the text 20.0 See the text 20.10 Sec the text 20.11 See the text 
20.12 See the text. 

CHAPTER 21 

21.1 (a) N, N-dimethylcyclohexylamiBC (b) o-Chloroanillne (c) N, 
N-dimelhylamuio-S-incthoxypropane (d) l.Ainino-S,5.dichIoro- 
2<peatene (e) Ethanotamine (f) N*cyclohaxyi ethaoamtde (g) N-mcthyl- 
pyrroUdiqe (h) m*Toluidiae (i) TetramethylamiBooium chloride 
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d) 4-Ainlnocyclohexanoacotic acid (k) N.N-dimcthyiamlnocthene 
(I) 3-Dimethyiamino'l'propanot 21.2 See the text 


21.3 


CH, 

\ 

CHCOOH 



LiASI« 





CH, 

\:hch,ci 

/ 

CH, 


CH, 

NH, \ *Fe/HCl 

— ► CHCH.NH, (b) C,H,NO, 


NaNO, HCI CuCN H,0/H+ 

C,H,NH, >. C,H,N,+C1~ ► C,H,CN ► C,H,COOH 

(CH,a»,0 Br, 

(c) C,H,NH, C,H,NHCOCH, /»-Bromoacctainide 


H,0/H+ 

/;<Bromoanilinc 


NaNO,;HCI 

fd) CjHsNH, CjHsOH 

n,o 


CH, 

/ (I) CH,l 

(ej CH, CHCHCHN ► 1I,C CH,CH.CH CH, 

\ (») AfiOH 

CH, (III) A 


Br. 


(f) C,H,NH, — — ► 2, 4, 6'TribrotnoaniJinc 


O 

H,0/H+ 0x1 II H,NOH 

(g) CHiCH -^CH, CH,CHCH, CH,OCH, 


I, 


H 


ii,/Pt KC^ 

CHgCCH, CHjCHCH, (h) C,H,Cl — C,H,CN 

B ( 

NOH NH, 


Red 


C,H[,CH,NH, 
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21.4 (a)CoH,SO,-Na+rHiCHsCH,CHa (b) rfijCH.CH.CHjNHCOCH, 

(c) CH,CH,CH CH, (d) C HsC-HjCHaCl f,OH 

(c) CHjCHjCH/THjNKj^irSO* (f) no rcacCioii (g) no reaction 

(h) HOCHaCHsNHCH,CHiCH»Cir, 21 5 CINH, is a weaker base, because 

Cl is eiectron*withdrjwing 21 6 Fho isomers 21.7 (a) 

<j-Toluidine4 Toluene y>-Chlorotoluene 
I Oil H< I 


Tolucne+P'ChlorotoIucnc o-Toluidine (forms water 

b.p. 116* 162“ soluble salt! 

Fractionally distilled 
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Oil IfCI 

I 

I 

4 - 

(b) separates as water 


218(a)QHjCI (b) QH* (0 011,1 fd) 


(e)C,H,CN (f)C,K,OH (gltJIsF (h) 


(OQHjBr 21 9(a) Because the molceulc tan Ibp and the two foims an 
superimposablv (b) Nitrogen is less tiectronegative than oxvgtn, thusmcth>] 
amine has a larger tendenty to donate t!ectr*ins {• ) Because of stent hind- 
rance to protonation in (CH,),N (d) Does not possess a hvdioccn atom to 
form the sod. salt (e) The amide group is only moderately activating com- 
pared to — NH* (f) D«)cs not have a hydrogen atom (g) It can undergo 
oxidation to p-quirone 21 10 (a) ("Hlopentcne (b) 1, 4-Pcntadicne t C'y- 
clopentenc 2, 4-Pentadiene } I, 3-Pcntadicnc (d) /vo-ButvIene 

21 11 (a) Ethylamioc (b) ixo-Butylaminc (c) Dimcthylaminc (d) /vo-Propyl- 
methylamine 21 12(a) Aniline dccolori/cs bromine watcY (b) Sulfonamide 
of propylamine is soluble in water (c) Aniline hydro<^toudc gives white 
ppt. wHIi AgNO^ (e) Hinsberg test (f) o>Toluidine is loluble m dil HCl 
(g) Phenol gives color with FeCt, 21.13 Since it does not undergo reaction 
with nitrous acid it is a tertiary amine 


soluble salt 




(a) 


I 

(c) 
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CH, 

/ 

CTfjN 21.14 

\ 

CH3 


CH, CH, 

\ HNO, \ 

CHNH, ► CHOH 

/ / 

CH, CH, 


21.15 Amides 

(i) Insoluble in aq mineral atids 

(ii) Slightly acidic 

(iii) Hydrolyzed by an acid or base 
fiv) Not oxidized 

(v) Not acetylatcd 

(vi) Reduced by LiAlH, to amines 


Amines 

Soluble 

Basic 

Not hydrolyzed 

Oxidized by nitric acid to 
amine oxide 

Acetylatcd with acetic anhy- 
dride 

No reaction 


21. !6 Volume of 0.05 M acid consumed by ammonia - 25 ml 


ofN, 


2S 0 05 <25 100 
0.303 ^ 1000 


11.6 


'„ofO. 100-(69.4+5.X-rn.6)= 13.2 
Gram atomic ratio: 


f : H : O : N 


69 4 . ^ _ 13.2 . 116 
"12 ■ 1 ■ 16 ■ 14 


EmpiriCvil formula C7H7ON 
Molecular weight 121 
Empirical formula weight ~ 121 
Molecular formula CaH 70 N 

21.17 Sec See 21.14.1 21.18 Sec the text 21.19 Sec Sec. 21.12 21.20 Seethe 
text 21.21 See the text 21.22 See the text 21.23 Sec the text 21.24 See the 

text 21.25 See the text 21.26 (CHaljCCl s- (CH,),CNO, 

Red HNO, 

► (CH,).,CNH, ► (CH ),COH 21.27 Sec the text 21.28 See the 

text 21.29 Sec Sec. 21.12 21 30 See the text 21.31 (a> Diazonium salt 
(b) N-methyl-N-nitrosouminc tc) p-Nitroso-N, N-dimcthylaniline 21.32 
(a) fiutyiamtnc (b) Pentamethylencdiaminc (c) o-Toluidinc (d) Ethyl- 
amine 21.33 N, N-dimethylanilinc because coupling of benzene diazonium 
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chloride is an clcctiophilic reaction and the donation of electrons from the 
amino group through resonance to the ring is prevented by the methyl 
groups. This IS called steiic hindtance to resonance 

CHAFFER 22 

O 

22 I (a) CH* (b) tClf ,),COH (d Cll,(Tl/('H, (d) CHjCH. OH 

(e) CHi+C,IljC'H CMgBrtO C^HjCOlUC'Hdi (g> CH 4 (h) 2 -Melhylcy- 


clopentanol 22 2 (a) CHj— CH, MgBi+ — ► C.HjO l-H^C CH^ 

Ot 

(b) {CH,),Si— CH,— CITs— C 1 }-OH- (CH,),Si 01 l . ( H, -CH, Ch 


H.o H+ 

22 3 (a) CH 3 C H.CHO (C H,),C(’lf,\ 1 gCI ► 


Br, f c \fy CO, 

CHjCHjCHCHjQCH,^ (b) CgH.CH, ---► p-BrC.H^CH, ► — *-> 

OH 

CH, CH, 

H+ My 0,0 \ 

► p-COOHCjlljCH, (c) ClKTljCl ► CllCH.O 

/ y 

QH, C,H, 


11+ HjO 

pJ) CH»CHO CiljCHjClI^CH^MgBr v CH,CHCH,('H,CH,CH, 

OH 


(e) 




0^ ^0 



OMg 8 r M20/W 
CMJ 



o 

(I) ether H 

(0 C,H,N C* 0+CH,MgBr C,HjNHa'H, 


(.1) water 
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CHgMgBr (I) 

(g) HC CH HCr-CMgBr HCssCHaOH 

(II) H+/Ha<> 


CJ‘ 


HC(GC^H5)3 hVh20 



r:-)) <■' 


^^CHCgHs 
» » / * 

U/ / OH 


Fo 0 CqHsCHO 
ii) MVH2O * 

7M 



22.4 It undergoes electrophilic substitution. 


22 5 C,»8CrH,CHj+CH,C'H,CH,MgBr; C,H,CCH,CH,CHa 


-f rn,CH>IgBr;CH3CH,rH,CCHaCH,+C6n5\1gBr 22 6 See Sec. 22.7 

(HaH tJ.Je Mg HO 

22.7 C,H, ► C.HsCH, - -- -► p-ClC,HaCH, ► ► p-D-C.HaCHj 

AlCl, ether 


22.8 (a) 


( H^OH 



FIjC. \ 
HjC-CHj/ /, 
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(c) QH»CHOH (d) B(C,H,)3 (c) OzN-f >CC2H5 

U ' 

(f) HO{CH,),CCcCH 3CH,), (g) C3ir.CH3CH,cn-C CH, 22 9 Sec p. 613 

on 

22.10 (a) I* (b) PXj (c) CO. (d) D.O (e) CH, CHCH,X (f) HCHO 

to, H.O H*- 

2211 (a) CHjCHaMgBr —■ ► CH,CH,COOH 

ether ILO,»+ 

(b) CH,CH,CH,MgBr+H,CO »■ ^ ClfaCHCH.CHjOH 

ether |{,0 H+ 

(c) CH,MgBr+CH,COCH, ► ► (('H,),COH 

ether Jt,0 H+ 

(d) CH,CH,MgBr+HC(OC,Hs), ► ► CH,CH,CJH) 

0 

M« t«,toot^H, 

22.12 C,HsBr C,ll,\tgBr C,nA',H, 

ether 13 (' 

I tH,C()OII 

Y 


CiH,+ MgBr(Cn,COO ) 

22.13 See Sec. 22 i 22 14 Sec the text 22 15 (a) Water gives lise to a 
hydrocarbon on reaction \Mth Cirigoard reagent (b) No, because a Grignard 
reagent react.s faster with a ketone (c) yes 

CHAPTER 23 



23.1 See the text 23.2 (a) 



Answers to Questions 807 



23.7 (a) 


iOOCzHs COOCiHS 

COOCj^s uOOCzHs 
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HCIIO -f- CHsCflsCHO ; C C 


II il 

o o 

23.9 It has more electron density, 23.10 In isoquinoline, l-pi^>sition is reac- 
tive compared to position-3. 23.11 Sic the text 2.3.12 SecScc 23 3.1 23.13 
Sec .Sec, 23.2.1. (a) It pos>csses an appreciable lesonanec ener^’y (b) It docs 
not undergo the D A reaction (c) It undergoes electrophilic substitution 
23.14 Sec the test. 

Shmiarities:' Both arc aromatic, their ammo derivatives can be 
diazoti/ed and both arc resistant to oxidation. 

Differences: Pyridine undergoes electrophilic substitution vvithdilliculty 
while ben/enc does so easily. Pyridine undergoes a facile nucleophthd 
substitution whilehen/enc does not. Pyridine is a base wiiilc benzene is not. 
23.16 Sec the text 2.3.17 See the text 23 18 See the text 23.19 Sec the text 
23.20 Sec Sec. 23.3.1 2.3.21 (a) Because the electron pair on the nitrogen 
atom is delocaii/ed into the pyrrole ring (b) Tlie elect ruitcgative nitrogen 
atom decreases the electron density of the pyridine ri^g (c) 1116 electron 
pair on nitrogen in pyrrole is not available for donation ((i)Nitrobeiu 4 ;ne is 
also deactivated by —NO, group (e) The ion is more statilc (0 It is more 
dienc'like (g) Site of high density (h) Less electron density on the pyridine 
ring (0 Pyrrole is more aromatic. 23.22 See p. 659 23.23 $ee the text. 

CHAPTEE 24 

24.1 See the text 24.2 See Uie text 24.3 It is customary to calla sugar as 
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D'BUgar if the hydroxyl group next to the bottom carbon atom lies to the 
right, as shown below: 

CHO 

I 

CHOU 

I 

HOCH 

I 

CHOH 

(3HOIf 

I 

CHjOH 

n-Glucose 

24.4 See the text 24 5 Sec the text 24.6 It Joes not form H — bond with 
water 


H CH20H 



24.8 X- or 'P-D-fruetofuranosc 24.9 Sucrose — a glycoside bond; Maltose 
and Lactose — a hcmiaectal t>pe bond 24-10 See the text 24.11 See 
See. 24.9 24.12 Starch and cclluiose 24.13 Sec the text 24.14 See the text 
24.15 Sec the text 24.16 Sec the tc.xt 24.17 See the text 24.18 See the text 
24.19 See the text 24.20 See the text 24.21 Because bydr oxypyridine behaves 
both as an acid and a base. 


CHAPTER 25 



25.3 Sec the text 25.4 See See. 25.4 25.5 See Sec. 25.8 
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CHAPTER 26 

26 1 See the U\t 26 2 Manine and leucine acids (nkUliali aspartic and 
glutamic acids (basic), Is sine and histidine (acidic) 26 ^ (a) H,n\COO 
(b) HaNCOOH (c) HjNCWH 26 4 Prolin^ 26 5 (a) Ihreonint <’isc lodo- 
form test (b) Glycine ethvl C'lter is alkalim tow aids litmus (c) Uctylphcny- 
laminc is insoluble in dil IK I (d) \spartic acid evolves C on icaction w th 
NalfCO, 26 6 It has HNO, a secondaiy ammo group 26 7 set the It st 26 8 St ^ 
the text 26.9 Sec the text 26 10 See the text 26 II See the text 26 12 See the 
text 26.13 SeC the text 26.14 See the text 26.15 Ammo acids aie fan Iv soluble 
in water Their solubility, however, varies with pi f and in lowest at the 
isoelectric point Tins may be due to (he laet that ihe proximity of charges 
m the /wittcrion (An ammo acid has a maximum concentration <if this ion 
at Its pi value) are less eflieicutly solvated than the sepaiatcd ions at 
low or high pH. 26.16 This may be explained by eonsidering the following 
ton equilibiia 

m 

••O,CCHCH,C0OH » nOOCClirUjCOO- HOOCHCH cooil 

I I I ■ 

Ml, NH,* NH,+ 

(A) (B) to 

11+ t 11+ 

”0,CCHCH,C00 

liH,* 

(O) 

As is evident tons (A) and (B) aic neutral, while (C) is a cation and (D) is 
an anion. In species (D) the anion is derived from the second —COOII 



Answers to Questions 811 

group present in aspartic acid and is not possible in leucine. At neutral pH 
a significant concentration of (D) wdl be present in aqueous solution 
(carboxylic acids arc acidic). It will, therefore, be necessary to decrease the 
p}f of such a solution if the formation of (D) is to be suppressed to a stage 

where anions and cations are present in equal concentrations (the isoelec- 
tric point). 


CHAPTER 27 
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27.3 See Sec. 27.5.1 27.4 See the text 27.5 Sec Sec. 27.4. 



27.7 See the text 27.8 Sec the text. 
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Abiotic acid, 745 
Absolute alcohol, 346 
Absorbance. 125 
Acenaphrhalene, 2H3 
Acenaphthene, 283 
Accnaphthenecfuinone, 2S2 
Acetal, 41] 

Acetate process. 69 1 
Acctoacctic ester, 512 
Acctoncdicarboxylic acid, 476. 712 
/> "‘onitrile, 410 
Accionylacctonc. 615, 610 
2-Accryiruran. 636 
Acctylidcs, 201 
Acids, 

Arrhenius concept, 4^ 
Bronsted-l-4>wr> concept. 45 
Lewis concept, 46 
Aconitic acid, 476 
Acriliin. 215 
Acrolein, 457 
Acrylonitrile. 20! 

Activated complex, 91 
Activation cncrg>, 92 
Active methylene group, 515 
Acyloin condensation, 241, 42S 
Admantane, 217 
UAdmantylammc, 557 
Adenine, 656, 660 
Addition to alkcncs, 
r/j, 139, 337 
J39 

Adipic ficid, 179 
Agar, 693 
Alder’s rule, 191 
Aldol condensation, 417 
intramolcailar, 419 
mixed, 419 
Atdrin, 326 
Alizarin, 372, 589 
Alky] hoUdes. 

dipole moments of, 300 
Allantoio, 65S 


Alicne. 75, 183 
Ally! alcohol, 331 
Allyl cation. 311 
<^-Allyl phenol, 102 
Allyl phenol ether. 102 
Aluminum isopropoxide. 339 
Ambident ion. 590 
AmuiCs, 

acidit> of. 498 
Amines, 

basicity of. 572 
/?-Aminoacctophcnone. 574 
u-Arninoazobcnzcnes, 581 
Aminolysis, 509 
2-Aminoquinolinc, 652 
2-Aminopyridine. 646 
Ammonium mucate, 630 
Amphetamines. 550 
Analgesic. 549 
Analy/cr. 69 
Anchoring group, 8 1 
AnnuScucs, 183 
[14] 'mnulcnc, 253 
[18] annulenc. 253 
Anomers, 675 
Anthracene, 276 
Anthraniitc acid, 478 
Anthraquinonc. 288, 434 
Antibiotics. 549 
Antifreeze, 344 
Anti-Knock mg agent* 157 
Anti-MarkownikofT addition. 175 
Amipyrinc, 518 
Apocamphau l-ol, 331 
Arenium ion, -72 
Arndt-Hislcrt reaction, 449 
Aromaticity, 251 
Artificial silk. 693 
Aspartic acid, 718 
Aspirin, 478 
Asymmetric carbon, 66 
Atactic, 222 
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Atomic orbitals. 

Is, 5 
2s. 5 

6 

Atropine. 701 
Autoxidation, ^8^ 

Auxochromc. 126 
1-A/abicyclo (2 2 11 heptane. 23<> 
Azeotropic mixture ^6 
Azetidine. 627 
Azindine, 627 
A/obenzene. ^91 
A^oxybenzene. ^92 
Azulene. 254 

Bactericiddf. 

Bacycr’s test. 179 
BoJcelite. 368 
Hall and stick model 60 
Barbiturates. 522 
Basketane. 2^6 
Bathochroinic shift. 56^ 

Beckmann rearrangement, 450 
Begasse, 68^ 

Benedict's solution 432 
Ben/aniiide. 5*^^ 

Benzene. 322 
Halogenation, 264 
molecular orbital representation ofr 
261 

nitration. 26^ 
resonance, 26 > 
resonance energy. 49 
resonance h>brid. 263 
sulfonation, 261. S39 
Benzenedia/onium cation. 

orbital representation of, ^78 
Benzenca?o-p-naphthol. S8I 
Benzcnesulfonamidc 546 
Benzcnesulfonic acid. 538 
Beozenesutfonyl chJonde, 54i 
Benzidine rearrangement. 593 
BenziHic acid rearrangement. 639 
Benzoic acid. 

acidity of 427 
Benzoin. 427 

Benzoin condensation 427 
Benzonitnfc, 531 
Benxophenone, 249 
o«]letu^uifion€, 371 
p-Bcaxo(|utnone. 190. 433 
Benzoyl cegonin. 712 
o-Beozoylbenzofc acid. 362 


BenzovI carbon>l glycine. 730 
{3.Ben/oy] propionic acid, 494 
Benzylacetonitriie. 4S9 
Benzyl methyl ketone. lOl 
BcnTvl nitrile 321 
Hen/yne 324 

6-BenzYl-3-phcnyl-t 4- 33 

octadicnc'-7-ync 

Hergms process 1 ^8 

Bhang. 511 

Bibcnzyl 2^1 

Bicschc comp^sunds 

nomenclature of 234 
bicydo [I 1 01 butane 231 
bicydo f2 2 I] hcpt-2. 1-dienc. 231 
bicydo ("* 2 IJ hcpi*2-cnc 23i 
b’cyilo [2 2 0] hexane. 235 
bicydo [4 3 o] nonane, 23s 
bioclo (2 2 2] octane, HO 
bus do f3 3 Oj octatic\ 231 
bicvclopentanc. I8S 
Biochcmisliv. 2 
Biphenyl 2^1 
Biopolymei s 20'* 

Birch reduction, 26 h, P4 
Bishlci Napicralski synthesis, 6^’ 
Bismatck biovsn 
Biuret 102 

Block copoly nicrs, 2'"' 

Boat confer niit ion M 
Bond, 7 
angle. 17 
covalent h 
dative 8 
elect! ovaicnt, ^ 
length r 
polarity 12 
Bond fission, 
helerolytic 92 
honiolytic, 92 
Bcmding orhilat 10 
liorncol, 

Bradykinin "'33 
Brcathaly/cr 346 
Bridged ring 233 
linlliant Green 1H6 
P-Bromol«nzcnc-</, 604 
p-Bromoben/enesulfoliiic acid. S46 
2-Bromo* I -Chlorobuftme 1 64 
2-(Bromo methyl) hexane. 299 
f • Bromo*2- met h yl na pht halenc . 

283 

l-Bromo*2<>methylprQpylbenzcne. 250 ' 
2«Bromo-4*nitrobenzoic acid. 50 
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1*Bromobicyclo (2 ? IJ hcplaue. 

2- Bromofuran, 6 ’6 

3- Bromopyrjdine, 645 
Bromortimt ton, 102, 510 
Butanedioic acid 466 
Butancnitrtlc, 31 

2- Bromoocianc, ^08 
a-Bromopropionic acid, 4‘>X 
l-Bromo-2-propdnal, 176 
Brucine 702 

I. 3- Butadiene, 1X4 
1, 4*BuCancdiol, 1X4 
1-0-Bufcnyl) cytlohcxcne ^6 
r-Butylbcnzenc, 2''6 
ii-Butyfhcnzcnc sulfonate, '10 
Butyryl chloride 4S7 
r>Kutyl cvciohcply! cthuj 
f-Butyl phenyl ether, 

1- flutancsulfmilic acid W 

3- Hulcnal. 34 
/-Butyl hydroperoside 

/ phcnsl elhei, 1" t 

/-Butyl piopioiiatc 

2- Huivne 106 
Y-Butyrolaetopc. 

Cadeninc, 744 
C^alfcine 700 
Calcium adipate, 460 
Calcium carb.de. lO’’ 

Calmposi* SCO 
Ctiinphor, 752 

constitution of 75 1 
Camphoric acid, *'51 
Camphoroqumnne, 

Cane ^uKar» 6S5 
Catuuihn jffj/ira, 55 J 

Canni/raro icadion 4"s 
crossed, 41b 426 
Cantharidinc ^70 
Caproic acid 172 
C'aprolactam 225 
Carhamic acui 50l 
Carbanion. 05 
Carbcnc, 96 
Carbohydrates 666 
C4irbolic acid. ViO 
Oirbocation, 94 
Carbocyclic ring, 25 
Carbon tuboxide, 470 
Carboxylic acids 
acidity of, 450 
/’-Carbomethoxyanthfie, 571 
Carbomellioxycyclohexanc. 2^4 


p-f'arbomcthoxy nitrobenzene, 571 
Carbonate ion, 48 
Carbonization, 291 
Car box> late ion, 450 
Carbylaminc reaction. ^66 
Carnuba wax, 525 
^-Carotene, 161 
Carvonc. 742, 752 
Carvoxime, 75? 

Catalyst. 718 
Catechol 357 
( clIobio‘'e, 690 

< ellophancs. 227 
( ellosohc. 391 
rdlulose, 189. 690 

cellulose xanihate 691 
renter ol symmetry, 71 
( etarie number 157 
f'ctM alcohol 526 
( ham transfer 212 
( heni cal shift 132 
( herpnihcrapcutic agents 548 
rbichil abin reaction o46 
C’hiral 66 
C nitip 693 
( hloT idanc, 126 
ChlonI 121 
( hloi il hydrate, 34x 

< hloranimc-" 544 
u-<'hlorol'»cn/\ I chloiidc. 4'^S 

i-C hlt'iobicNcio [2 2,1] heptan, HI 

0- Chli^robrt'iroben/cnc, 5\0 

1- C*,i»io-l 1-butadienc. 2l9 
‘‘-Chlo^ -1 ’-butadiene, 219 

2- Chloiobutane 8 1 

ty-C blot obutsne acid 445 
/i<w\-2-clilort>c>clo-, 176 
pcnttinol 

Chlorodiazcpc'Xidc, 550 
C hlorodiHuoiomethane 2 1 5 
UC hlorrKjthane, 10 
2-ChloroethanoI I *’5 
‘'-Chloro-l-etbanol, 31 
I V hk»ro-l-eih\Icvclohexane, 19'’ 

1- Ch!oro-i-n othyI-l-bul>ne. 

101 

Chloromcths lilt ion. ?69 
r/y-l-C'hloro-i-mcibvlcvclo- 
pentane. 71 

fratfs- \ -C hloro- l-mctb> Icy clo- 
IX'utanc, 71 

4-Chloio-4-mcth>lcyclohexane, 233 

2- Chloropentane. 29b 
w-Chloropcrben/oic acid, 386 
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OiVoropliyU-a, 635 
Chloropicria* 

3*Chloro*l-{>ropenc. 182 
3*Ch1oropropionic acid, 
c-Chloroquinotte, 435 
Chromatographic method*^, 
adsorbent, 109 
column, 109 
gel. 109 

ion-exchange, 113 
paper, 112 
thin layer. 111 
Chromophorc, 126 
Chromyl chloride, 408 
Cinchomeronic acid, 655 
Cineole, 379 
Cinnamic acid. 240. 424 
Citral, 745 

constitution of. 746 
Citric acid, 475 
CitronellaJ. 85 
Claisen condensation, 512 
Claisen rearrangenienr, 103 
Clemmcnscn reduction, 259 4M 
Coal tar, 290 
Cocaine, 700, 71 1 
Codeine. 551 
Columbus, Christopher. 

Configuration, 
absolute, 83 
relative, 83 
Conformation, 
eclipsed. 39 
gauche, 66 
staggered, 59 
Confonners, 59 
Conformational analysis, 59 
Congo red, 583 
Coniine, Wf 
Conjugate acid, 45 
Conjugate base, 45 
Cope reaction, 568 
Copolymer, 227 
Copolymeri/atiofi, 227 
Coumarin, 503 
Coupling constant, 136 
Grackins, f 51^^168 
Creosote* 292 
Oeaols* 369 
Crfifcn. 526 
Orotonaldehyde, 48 
Ootooic acM* 517 
CtytM vioier, 587 
CiitMiiie*236 


Cumuicnes* 75 
C^umene. 249 

Cumene hydroperoxide, 359 
Curtius reaction, 558 
Cuticitra ointment, 369 
Cy^uiidc ion, 
as catalyst, 427 
Cyclamatcs, 544 
Cyclobulenc, 233 
Cyclobutanc cai boxy amide, 496 
CVelobutylamine, 555 
("yclobuiyl bromide. 241 
Cyci»5butanccarhox>lic acid, 234, 445 
Cyclobutanecarboxylic acid chloride* 
487 

9.r> clobuiy I- 1 -methyl- 1 -butene . 

2^0 

CvcJobulyl phcn>l kclone. 4<W 
r/T-l-cyclobut>l-!-propcne 16^ 
Cyclododccatnene 1 87 
Cycloheptcnc, 233 
Cyclohcxenc, 181 
I, 4-Otiohcxanediol. 331 
1 . 3 C yclohoadicne IS2 
I, 4-C>c)ohe\.inediincthano]. 226 
Cyclohevanccarboxyik atid, 231 
1. 4-C>clobe\adicnc-l 4 -c.wIh>x> lie 
acid, 4'?4 

I, 2-Cytlohcx*mcclicarboA>Iic acid, 465 
CycJohcxcne oxiJcv* 181 
Cydohexyl acet>Icne, 198 
Cyckihcxyl carlx>xy€amide. MW 
Cyclohexyl chloride. 298 
cS^dohexyl cthanoate, ^01 
Cyclononane, 429 
Cyclooctatctracnc. 253 
Cyclooctatricnyi dianion. 252 
Cyclooctcne, 79 

Cyclopcnianc cyclohexane, 236 
Cyclopcnlcnc. 168 
CyclopcntanccarlHwyaldchydc, 234 
transA, 2-Cycl«pcntatidJ0l, 388 
Cyilopentadicnyl anion. 52. 252 
(’yclopentyl bromide* 241 
Cyclopcntcnc oxide, SH8 
CyclopropanecarbonilnJc, 234 
Cyclopropylbenzcnc, 1^67 
Cyclopropyl carbinol^ 333 
2-CyciopropoxybuUn9, 380 
C^lopropanecarboixi^fc acid, 520 
C'ycloproptticcarboxyaldehyde, 534 
<Vclopropcnyl cation, 232 
Cyclopropylaminc, 9S8 
p-Cymene. 745, 7S0 
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Cyt09lDe, 660 

D, L, notation, 6« 

Dacron, 351 
Dalda. 526 

Darzens condensation, 4!!() 

IXD.T . 323, 326 
Decalin, 81 
a-Decalonc. 60S 
Decanotc acid, 
Decahydronaphthalenc 27^ 
Decarl^xylation, 454 
IXbydrohenzcne, sec bon/>nc, 
Degree of polymerj/;aiion, 208 
Dehydration, 166 
Dchydroyenaiion. 653 
Dehydrohalogcnation, K>8 
Dcnaturation. 733 
I3eoxyrtboi»e, 659 
l>cnvcd namis, 26 
Deisulfarization 
Detergents, 529 
Structure 
for bcfuenc 261 
Dialdrin. 326 

4. 5-l>iammopynniidinc, 656 
Diastereoisoiners, 71 
Dia/oates, 583 
Pia/omethanc, 452 
i)u70nium salts, 319, 575 
coupling of, 364 
hydrolysis of, 577 
Diborane, 178 
2 I'Dibronioaniljnc. 2^0 
2 6-l)ibiomo-4H!^htoroanilme 250 
trans-l, 2*Dtbroinocyclohcxanc 102, 
170^ 

^ I 4-nihromobutane, 239 
1, 2-Dibromoc>ctopentane, 168 

1, l-Dibromo*5-methyi-cyclodciane, 

232 

2, 6*>l>ibromophenol, ^67 

1. 3-Dibroinopropanc 238 

1, 2-Dibromnr-|.phcn>leibanc 
313 

1. 3-Dibronnopropa*l, 2-dicne, 75 
P^Dibroinopropionic acul 44^ 
p-Dichloroben/cnc, 436 

3, 5-Dichlorobcnzein;, 318 
l**DichIorodieihyl ether. 385 

1, 2*DNchtoroethane, 150 
J» 2«Dichloropropan«» 182 
l*Dichloropropafie, ISO 
Wcyctohenaac, 236 


Dicyclohexylcarbodiimidc, 730 
DicyclopcnUne. 236 
2, 4*DtchIorophenoxyacctic acid, 327 

2, 2-Djchloropropanc, 200 
I 2-Dicyanoben/enc. 643 
l3iels.Aldci reaction, 187 

nechanism of, 188 
stereochemistry ol, 192 
Dienophilc, 187 
Diethyiamino boranc 615 
Diethylamino malonate, 521 
Diethyl cadmium, tiOl 
Diethyl sulhde, 393 
Dicthylsulfonc, 39*’ 

Dicthyl/inc 612 
Dihedral angle, 65 
9 10-Dihydroanthracene. 289 

3. 3-Dihydro-2-butenc, 315 
Dihydrt^anlhraccne, 289 

1 ^-Dihydro-naphthaienc, 

1 4-oxide, 479 

9, 10-l>ih>drophenanthrer.c, 289 
1, 4-D>hydronaphthdlene, 279 

4- l)ih>dro\vphcns|-2-pcnl>l 
ketone, 3/2 

2 4-l)ih>dro\vbcn/('»c acid, 372 
^ 5-I)ih>dros>p>rrole. 63l 

1. 2-DihydroumoUnc 649 
Dilox. 327 

1, l-Dimcthoxv propane, 411 

2, 2-Dimcthox> propane, 411 
Dimcihslacci>lcne dicarboxylatc, 191 
p-DimeihvIaminoben/cne. 58i 

2 ’ 0*mcihyl-I, 3-butddicne 188 

3, 3- r,»meib>M -butene, 315 
2, 3-bifncth>l-) -butene, 31 ^ 
Diniethyl.l, 2-cyc1ohcxanc 

dicarlxsxslale, 510 
^ 3-.Oimclh\l-'^-butanol, 315 
2 2-Dimethslc>clopcntanol, 342 
1 2-Dimeth>lc>clopcnianc, 342 
<K- and 2-Dimeth>l- 

c>clohc\dncs, 211 

ni;/f«-3, 5-Dmicthylc>clohexane, 233 
3-DinKih>lfurao, 627 
Cl ^-Dimc^hsiglutaric acid, 465 
i 15-2, 3-Danctbyloxiranc^ 387 
/ranr-2. 3-l>imctb>!oxiFane, 387 
2, 5-Dimcthylp>rroIc, 629 
2. 5-DimclhyUbiophenc, 640 

5- Dimctb>l-4-rem-4-hcxanol» 

70 

Dimethslphcnvl carbmol. 3^3 
P-Dinitiobciucne, 580 
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D*N A., «6! 

Dioxanc dibromide. 390 
Diphenytacetykne^ 406 
Diphenyl cadmium^ 409 

2-Di‘phenylethane» 608 
1, 2<^niphenyl-^t -ethanol. 611 

1, 2-Diphen>l-l 2-ethanediQK 230 
UDiphc'iyi-2-pentan-l-onc. 

251 

Dipole moment. 20 
carbon dioxide. 22 
ether. 1«2 
p-nitroanihne. 22 
ntlrobenzenc* 22 
water. 2! 

Directive ctFects, 
in ben/cnc, 271 
Dissociation constant. 47 
DtMillation. i09 
Disymmetr) . 68 

2. W/-/-but>M-inethylpbeno( 

212 

Dralfln, see Acrifan 
Dnedtng model. 60 
Driving force, 

DnigN, 546 
abuse, ^50 
action. M7 
specific M7 
sulfa, 54S 
Dyes. 583 
Dynamite, 355 
Dyne!, 229 

Eclipsed conformation. 59 
Ecognme. 712 
Edman degradation* 735 
£*-isofner, 164 
Elastomer. 20K 
Electron affinity, 7 
F leccroncgaiivity, 7, i 2 
hlecirooic statea, 
singlet, 153 
iHpkC, 154 
Electrophiles. 46, 97 
EJnntfiatioii reaaioAs, 

E^ mechanism. 313 
E, mechaiifstii, 3t4 
orientation, 3t5 
Etutfon, ftO 
Emplricd formula, 117 
CiMsniiies, 421 
Endothemiie, 98 
Enolade km, 417 


Enantiomers, 67 
Enthalpy, 98 
Entropy. 98 
Flosin, 585 

Epichlorohydnn. 380 
Fpimers, 68? 

Epoxidation. 78. 386 
Equivalent weight, 116 
Ervfhrosc, 64 
Essential oils. 525. 742 
Ester hydrolysis. 

acyl-oxygen fission. 103 
alkyboxygen fi&sion, 103 
Fstimatioii of oils, 525 
Hsteriiicatlon. 

mechanism of, 339 
rtard reaction. 407 
Fthoxyben/ene. sec phenetole 
Ethoxycyclohcxanc, 380 
2-Hhoxy-2-niethylprapaoe. 31 
rthyibcnral malonate, 423 
Fthyibcnzylamine, 572 
Fthylbromopropionic acid, 463 
Ethylcyanoacctatc, 522 

1- F lh>l-2-cyclohc\anccai boxy lie 

acid, 454 

EthycyclopcntyUminc 555 
F thy lene chloride. 303 
Ethylene givtol, 347 
Ethylene glycol atlrate, 351 
Fthyicne oxide, 385 
Fthylidcnc chloride. 302 
Ethylcyclohexanc. 454 
Ethy]*2-metl>lbatenoale. 31 

2- 1 thylhcxanoic acid. 445 
2-Fthyi-3.metbylpciitaftal, 31 
nhyl-2-naphthoatc. 510 

2- Ethy|pcnt-l'*eiic, 180 

3- Lthylpcnt-4-ynal, 321 
Ethyl ^-phenyiglycfdate, 420 
Ethyl propyl vuffide, 397 

4- f thyl-3. 3, 6-rrimetbylliei4ane 28 
F.thynylbeo/ene, 24t 

Eugcnol, 326 
Exothermic reactio^. 98 
L-Z nomenclature. 964 

Famesol, 744 
Fall. 523 

Fehling sohttkMi, ^2 
Fenac. 327 
Fenton*! reagent, aftj 
Fenthion, 327 
Fermentation. 345 
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Ferric hydroxy malc« 512 
Ferrocene* 254. 618 
Ferrocene-! -carboxylic acid. 620 
Finger print region, 129 
Fincher esterification. 506 
Fischer projection. 61 
Fischer synthesis. 657 
Fischer-Tropsch process. 158 
Fission. 92 
heterolytic, 92 
homotytic. 92 
fO-Fluoro-Udecanol, 301 
Fluorescein, 585 
VFluorocyclopcfttcnc, 2<>« 

10-f luorotoiuene. 467 
"niiorcnyl anion, 9*?. 25: 

Formal charge. 9 
Formamidinc. 656 
Formalin. 403 

Fractional crystalli/ation. lOK 
Free energy. 98 
* Vftc radicals, 96 
initators. 211 
inhihitors, 211 

Fricdc! Ciafts reaction. 256 105, 4H9 
542 

acylation. 266. 489, *^42 
alkylation, 246 
Frhkiiandcr synthesis. 649 
Fries rearrangement* 370, 511 
Fructose. 

constitution of, 678 
Fructocyanohydnn, 677 
1 nictoSKlc. 677 
Fructoxime, 676 
Fructose penuiaceialc. 676 
f*rutt sugar. 676 
I ructosazone. 678 
a-D-Fructopyranose. 680 
p-n-Fnictopyram>$c, 6K0 
I unctionaf group. 25 
Furan. 635 

orbital representation of. 6.36 
ruran-2-carboxya!deh>de. 636 

FuffuraF 638 
Furil. 639 
Furilic acid. 639 
Fufoicacid. 6J9 
Furoio, 638 
Furylacryllc acid. 638 
Ftischine, 586 

Oabriet phthatimide t|yi)Chesit» 722 
•(-f-)*Qalaviosc* 684 


Gammaxane* 270 
Ganja, 551 

Gatterman-Koch reaction. 270, 407 
Gauche conformation. 65 
Gem Dihatides. 16^^ 

Gene. 661 
Genetic code. 661 
Geometric isomers, 76 
Gcraniol. 746. 748 
constitution of, 749 
Glucanc acid, 671 
Giucatonic aldehyde. 641 
Glucitol, 670 
Gluconic acid, 670 
Cilucose pentaacctate. 670 
(iiutaric acid, 467 
a-D ( + )-Glucopyraoose, 675 
( h )-GlucopyranO'>e, 67^ 

Glucose, 669 
Cilucesa/one. 671 
Glucoside, 670 
Glyceric acid, 461 
(flycogen. 691 
n-( )-Cj|yceraldehyde. 67 
Glycerides. 3.^4 
f»)ycer>l monoxalatc. 355 
Cilyocryl trinitrate, ^*'4 
Glyceryl tnpalmitate. 354 
Glycervl tristcarate, 523 
Glycylataninc. 727 
Glycylalanyl leucine, 727 
Glycyl valine. 730 
Giyptal resin, 226 
(jobxu e ■'j. 1 58 
Oram M>otiol. 344 
Grape sugar, see glucose 
GraU copolymer, 22“ 

Cingnard reagents. 

preparation of. 305, 601 
structure of. 602 
Grignard reaction* 

with active hydrogen. 241 
with acyl halides. 606 
with alcohols, 343 
With aldehydes, 413, 604 
with cadiv4um chloride. 409, 489. 
609 

with carbon dioxide. 447. 472, 607 

with deuterium oxide, 603 

with esters, 509 

with ethylene oxkle, 604 

with isoduinolinc. 655 

with halogcnated ether, 382 

with isocyanates* MO 
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with ketones, 604 

with nitriles, 607 

with ortho esters, 606 

with oxygen, 604 

with phosphorus trichionde, 

608 

with pyrrole, 6^4 
with water. 24t, 603 
Gtianme^ 660 
Gutta pcrchd. 218 

Kaemogfobin, 

Hatiucinogins. 5^t 
Haloform reaction, 420 
Halogen car/ier, 264 
Hammett aciditv function, 48 
Hantzsch synthesis, 644 
Hashish, 5St 

Haworth ptoieetton, 67^ 

Haworth synthesN of naphthalene, 
277 

Heavy oiL 292 

Heisenberg uncertainty principle. 1 

ft^Helix 111 proteins, 739 

Hell Volhard Zelinsky reaction, 4^5 

Hemiacctal, 41 1 

Hemiletal, 411 

Heptachlor, ^26 

Heptanorc atfd, 672 

Herhictdcs, 3 *'5 

Hetarync, 647 

2, 4«Hcxadfne. 202 

Hexamcthylenediamme, 224 

Hexamelhytenetetraminc 408 

I. 6-He\aii-di*4f. 181 

Hcteroc>xlic ring, 25 

l-Hcxen-5-yjie 33 

3-Hcicynoic acid, 35 

4'/2*Hexylre$o>rcmol, 372 

Hinsherg test, <68 

Hofmann degradation, 567 

Hofmann reactioa, 500, 558, 572 

Htmologous series 142 

Homopotymer 227 

Hackel rule, 251 

Hmtsdteckcr reacfio**, 303» 319, 454 
Hybndixation, 
in carbon, 13 
in boron, 15 

Hybrittt^ation effects^ 53 
Hydantotn qmthesis, 721 
Ib^tinuton. 

of alkenes^ 177 
Hydnuaoben 592 


Hydroboralion, 616 

ofalkencs. 148, 617, 335, 178. 617 
of alkyncs. 202, 406 
Hydrogen bond. 18 
in acids 446 
in aldehydes. 402 
in amines. 556 
in alC4>hoU. 334 
tn hydrogen Auonde, IS 
in ice. 19 
intramolecular. 19 
inter molecular, !8 
in ethers, 383 
in o-nitrophcnol, 19 
in proteins. 20. 736 
in sal icv Lite ion. 20 
in watei, 18 
H>drogcfution, 3^7 
of oils s:5 

Hydrisgcnolysis 148. <26 
H)iironinm um, 444 
o-Hvifrtix>an»solc 371 
p !l>dro\va7obcn/cnc <81 
p-H>d!OX>bi.n/aldchvdc 363 

3- H>dioxvhutanoic acid. 34 

4- Hvdrov>bulanonitn!c. ^6 
P-Hvdio'>hal>raIdch\dc 417 
Ilvdroxs latum 

of alKencs 179 
e-H>fo\vbcn/aMehvdc. t63 
1 *H>dr<»x>c> clopcntanc.irK»K> lie 
acid, 410 

3-f!ydrox> - l-muh> Ibutanoic acid, 
46^ 

p-Iiydroxvphcn>l cth>l bromide. 101 
3-Hvdin\ypcntanoiv atid. 3< 

H>{>et conjugation U6 
Hvpnouc agents, <<0 
Hvpsochronuc shift 126 

Imida/ofe, 628 
Indigo, 589 
Indole. 628 
Inductive effret, <3 
Industrial akohols. 344 
lotm-red spccirus^togy. 126 
bending vibruiKinl, 126 
hngec print regiod. 122 
infra«fcd active. i{Z7 
stretching vibratMfis^ 126 
Initiatioti step, 150 
Insecticides, 325 
Ifiulin. 693, 676 
Invert sugar, 345» 687 
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foiiex^ All 
Iodine number, 527 
lodoctane, 85 
Iodoform icsl, 343 
1-Iodohexanc, 302 
Ionic bond. 8 
Ionization potential, 6 
Isobutyroaniitdc, 6l0 
Isobutyronitrile, 531 
/Isomerism, 58 
isomerf, 58 
Isomerization, 152 
Jsonicotinic acid. 628 
Isonitroso camphor, 

Uooctane, 157 
isopentane, 142 
Isopentaldchydc, 403 
i&opentyjaminc. 557 
Isoprcnc, Ml 
Isoprenc rule. 742 

l-lsopropyl-2-nic<h>lcyck>i'cntane, 232 
: •l^op'ropy!furan-2-carboxyaJ- 
deh>dc, 63‘) 

Isopropylmagncsiuni bromide. MO 
Isotope labelling. 102 
Isijqutnoline. 653 
lsoquinulmc-5-5ulfonic acid, 654 
Isotactic, 221 
IlJPAf' nomenclature, 
rules of, 26 

Jusabione, 503 

Kckule stiucturc, 
for bcn/cne, 261 
Kerosene. 156 
KrcUvcnol tautonicrism. 

Y*Kelovalcfic /icid. 517 
Kiesulguhar, 355 
Kilani'hischcr reaction, oHI 
Kinetic isotope effect, 103 
Kieldafil determination. 

of nitrogen, 72o 
Knocking. 157 

Knoevcoagel condensation, 423 

Kodei, 22« 

Kolbe reaction, 147, 362 
Kotbe electrolysis, 4S5 
Kolbe’s synUmis, 372 
Kraut's reagent# W 

ifOetic acid, 69 
Lactide# 464 
Y*Lactooe# 464 


l^ctonitnlc, 410 
Lactose, 689 
1 adenhurg structure, 
foi bcn/cne, 261 
Largo rings, 243 
iMrpttsc, 550 
J aunt alcohol, 529 
I aui vl sulfate, 529 
Leaving groups, 308 
and basiLity, 30K 
Leavulinic aldehyde, 46 
1 cueme, 716 
1 tukart reaction. 558 
I ewis struuure, 8 
Librium, 550 
light oil. 291 
Limoncne. 750 

constitution of. 750 
Linaloot. MS 
I indane, 326 
I indlar’s catalyst, 199 
Ltptil, 524 

I iihiiim dimcthsl cuprate^ 259 

I ooe-pair. 8 

LSI), 551 

I iicis test, M3 

Lfhite, sec plcxigla^, 

l>copcne, 

L>c, 528 

Malachite gre^n. 587 
Malathiop, 3?^ 

Malcic ac»r* 459 
Maleic ajii dridc. 459 
Malic acid, 458 
Maloni ester. 518 
paT'iration of 518 
s>nthecic uses, 518 
Maltose. 689 
D-Manmioi, 677 
D-Mannovc, 683 
Manjuna, 551 
Markounikoff rule, 173 
Marsh gas, 141 
Mayer's reagent 098 
Nfcfcnamic acid, 479 
Melamine polymer, 223 
Metmac, 223 
Menthol, 404 
Mcnthonc. 404 
Meprobamate, 550 
Mcrcaptans, 393 
Mcmficld method, 731 
MescaUi>e, 551 



822 A Textbook of Oiganic Cbemi$lry 


Mcsitoic acid^ 50f7 
Mcso-2«3-dtbromobutaiie. M 
Metallocenos, 621 
Methjulone, 550 
Methanol, 

manufacture of. 344 
4-Methoxybcii/oic acid 428 
Mcthoxychlor, 326 

2-Methoxy-N-inethyJamioe. 31 
4-Methoxyben^aia, 429 

0- Meihoxyphenof, 356 
3*Meth>l-Uanninobutantf. 55 d 
t*Meth>lainiQocyclopenfaiioi. 410 

1- Methylaininooclohexanot, >6ty 
\f^tkyiati^i bpmt^ 344 
4-Meib>lbcn20phcnoac, 401 
Methyl u-beQ/o>lben7oate, 417 
P-Mcthylben/yl ateohol* 474 

0- Mctbylben/yl bromide. 406 
Methylene blue. 588 
Methyleneiyclohcxane, 422, 50S 
7* Methyl bfcycio (2.2 1} hept-2* 

ene, 2% 

4- Metbylbiphcnyl. 582 
^•Methylbutanoic acid, 6*^ 

2- Mcth>l-2-butcnoic acid ^23 

1 - Methyl but>i-4-penteDoate. 

2- t 1-mcthyIbuiyJ) bcn/enc. 250 
2 -Methyl- 2-butenc 99 

1- Methylbuteoe nitrite, 424 

2- Mcthyl-2-butenal, 99 

2- MethyI-t,3-butadicnc# 217 
l-Mcthylbut>lcyclohexane, 232 
l-Methylbuty1-4-penteooate, 504 

3- Mcthy]c>clobexane, 232 

3-Methylcvclobexa*l, 1 -diene. 34 

163 

Meihylcyclohexytaminc, 5^5 
Methyl cyclobexyj kefone. 198^ 409 

1- Melhyfcyclopentene^ 3^7 

3-Methylcyciopemefie, 233 
rr£Mi-2-Methyk;yel<^>entanol, 357 
3-Methyi cyctopcni*2^0fie, 233 
Methyl cthyt sulfide. 393 
Methyl ethyl kc^otie. 181 

5- Mdhylhex-l-oi. 32 
5-MethyUieic^3*onc, 32 

2- Mcthylliexafioic acid. 678 
4«Melhyi*2*hydrovy aeetofdbeiione4 

370 

M^hyl laocyaiilde. 5JI 
Methyl isopropyt ketooc* 516 
l^Melhyl isoqainohiMS. 653 
2rMeibyl^3KnM94mtaii^ 35 


3-Methyl- t-hexene. 181 
S-Methyl-l-bcxyne. 196 
Methyl mcsitoatc, 507 
2-Methyl- t-nitropropanc, 557 
Mcthyl-ci-bcn/oylbcnxoate, 417 
Methyl orange, 584 

2- Melhyl-2-o\opentanoic acid» 35 

1- Methyl-3-pcnten-l-al, 34 

3- Mcthyl-2>*pcntanefhiol. 393 
Mcth>iphenyl acetate, 508 
5.MclhyI-2-isopropylpheiiol# 326 
2.Mcthyl-2-penienal, 448 

2- Methyt-2-propanol. 3! 

4- Meth>lpcnt-3-ca-2-one, 
2«Meth>lprapan-l-oL 603 
2-Methylpipcridinc. 567 
Methyl propyl ketone. 609 

1- Melhylpyrrolc, 627 
Methyl salicyUic, 477, 506 
Methyl 2-ihicnyl ketone. 493 

4-Methyturacfl, 51 H 
Methyl vinyl ketone iS9 
Methyl caihtfiut, 3 3^ 

Micelle, 530 

Microscopic icvtrsibiliiy 17^ 

Milky sap 219 
Mineral oil, 525 
M itchier s ketone, 

Mixed aldol eondca>atK>n. 419 
Molasses. 34$ 

Molecular orbiioJ, 10 
Molecular formula 1 1 7 
Molccularity 

Molecular determination 

Victor Meyer s method, 115 
depression ot ftec/ing point, 116 
Monomer, 207 
Morphine, 700 
Murexide, 659 
Mustard gas, 398 
Muiarotation, 684 
Myrccftc, 741 

N-acctylpyrroIc, 6M 
}-Naphthaklehy4c« 279 
Naphthalene. 27j[ 

Naphthalene oiit 292 

2- NaphthylmeiMbol, 510 
l,4-Naphthaquiii(atfie. 28A. 435 
2,3-Na|ihchaquiitofMt, 433 
1,8-Naphthaitc acid, 283 
Pl-Naphthol, 283 
Naptttbecene, 2S2 
ot-^Naphthoic acid, 472 



Index S23 


2-NapbthonitriJc, 281 
Narcotic^ S51 
Natural gas*, 

K*Bronno^uccmimide« 387 
mechanism of, 300 
N-(l-cycIohcxcnylii pyrrolulinc, ^>1 
N,N-DicycI6hexyIurca, 7^0 
N^N-Dieihylamme, .^86 
N>N-Dimethylacctamtdc* (M 
N»N-Dimethylcyclohoxylafnif)e nxidc. 568 
Neopenianc 142 
Neoprene, 219 

2- (N-eihylmclhyIammo) butane, 555 

3- (N-h>droxyammoh3-phen) I 

propionic acid. 460 
Ncrol, 748 
Neutralization. 45 
Newman projection, 64 
Nicotine, 698, 705 
Nicotinic acid,62S 
Ninhydrin, 348, 725 
Nitiiics, 510 

p«Nitroacctophcnoiw 489 
NNitroadmantane, ^57 
p-Nitrobcn/>l acetate 507 
p-Nitrobromobenzcnc. 321 
p-Niirobcn/oyl chloride, 4b9 
p-Nitrolien/>J hromiJe, 371 
2-Nitrofuraa, 636 
Nitrogen, 

estimation ol 114 
Niiroglyccnne, 355 

4- Nitro>o-2-mcihy!viuiino|inc\ ^70 
p«8-Njtroisoc|uino]ine, 654 
//-Nitrosophcnol, 3 n> 
p-Nitroso, N,N-dinM:th>lanihnc 575 
N-Nitroso-N-nieth\lanilinc 575 
p-Ni(roso-2-melhylphcnol, <70 
N-nitrosopipendinc 566 
2*(N-mcth>lanuno) hexane, 555 
N-methylbenzamide, 496 
N«methylbutanamide, 496 
N-meib>!p> rroiidme-a -carboxylic 

acid, 705 

N-methylquinoIine iodide. 651 
Nodal plane, 6 
Nofi-polar bond, \l 
Norbornadictie, 235 
Norbomene* 235 
Ncvbomyl bromide, 301 
Norit, 108 

Non-benaemoid aromatics, 2S4 
Nuclear magnetic resonance, liO 
chemical shift, 132 


T scale, 132 
shielding, 132 
spin-spin splitting, 136 
Nuckic acids, 6>9 
Nucleophile, 46 
Nucleophilic substitution, 

Sa,1, 309 
Siv2, 306 
Nucleotide, 659 
N>lon 6, 

preparation of. 225 
N>lon 6, 6 

prepariion of. 225 

Octane number, J57 
Octet theory 7 
Oils, 

analysis, 527 
essentia), 525 
rancid, 525 
vegetable, 525 
Oligosaccharides, 668 
Opium, 549 
Optical isomer. 66 
Orbital, 4 

bond angle. 17 
overlap, 10 
Organic substituents, 
table of, 28 
Orion sec aenfan 
Onholormic ester, 505 
Oribophosphoric acid, ^05 
Osa’.dc, 628 
OxciMC, 627 
0\iranc, 627 

2 1-Oxobul>l) tyciohexanone, 36 
0\o synthesis, 182 
4-Uxo-2-pcntenamidc, 36 
OxymcrcurattoQ. 

of alkcQcs, 338 
Ozoxit lysis, 180 

Palmitic ac d, 524 
Papaverine 701 
Paralhns, Ul 
I^araformaldehyde, 425 
Para* red, 283 
Parathiofi, 327 
Paul-Knorr synthesis. 629 
Penicdlm, 549 
1,1-Pcntadiync, .34 
Peniacxythritol. 418 
2-Pcntanonc, 32 
3%Pcntenal, 34 
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l-P«nten-4-yne, 
?-Pcntcn-!-ync, 33 
K 4-P«aitadfefie, t63 
ci v- \ , 3*)*ent«kdtone, 1 82 
Peptide linkage. 727 
Pep pills 5^0 
Perdurene, sec thtokol 
Perfluoropropane^ 303 
Perkm reaction. 426 
Pcnodic acid, 352 
Peroxide effect. 174 
Perspective representation. 64 
Pethidine, 550 
Pesticides. 325 
Pelrocbeinicals. 156 
Petrolciun. 154 
composiifon, 1^4 
cracking. 1^5 
refining. 1^5 
Pharnuco)og>, ^47 
Phenanthrene. 286 
9J0-Pheaanthraquinofie, 288 
Phenetolc. 380 
Phenol. 359 

PhcQoIpbthaicin, 364. 19s 
Phenox>acetic acid. 361 
Phen>laceta]dehyde 421 
Phcn>UcelK ac»d. 508 
Pheoylacetonitrilc ^3t 
Phcnylacctyl chloride. 487 
Pheayla7o malonate. 656 

2-f'phcnyfa/o) pviroic. 634. 

2- Phenyl«1 -butanol. 174 

3- Pheny1-l-butanoK 258 

4- Phen>!-l -butanol. 
v-PhcnjIbutyric aetd. 277 

1 -Phenyl- 1 -chlofocthanol, U)t 
l-Phcn>M-cbloroethanc. 302 
/ra/f^-2-Phcn> Icyclopropy Inwtby I 
ketone, 61 2 

m-Phenyfenedtamine, 584 
oc-PhenyMItylainine, 558 
p-Phenylethylamine, 533 
Phenylhydmiae, 58i 
PbenyUithtutn, 61 1 
5**Pfienypenunoic acid, 31 
J-Pheoylpropanal, 251 
3-Pfieoylpyridixie, 647 
2»Plieoyl<|iiinolioet 652 
PfMsiylsttlfamic acid, 54S 
Fhtorogluciocd, 357 
PlioCocliemical reactions. 

153 

Pbotoiyathesis, 153, 668 


Phthoiamte acid, 49S 
Phthalic acid, 465 
Phibalic atibydride. 64 
Phthalimidc, 558 
Phthaloyl peroxide, 325 
Ph>chotoniiaetics, 551 
P^ 719 
Picolmcb, 627 
Picolmic acid, 628 
Picric acid, 52, 373 
Pinacol, 350 

Pinacol-pmacolone rearrangement* 
352, 409 
«-Pinenc, 

Pipcnne, 709 
Piperic acid, 710 
Pipcryicne, 704 
Pislocinc, 701 
Pivolamtde. 533 
Pin ahe acid, 268 
Pitch 292 

Planck's constant, 1 25 
Plane polari/cd light 68 
Pk« 47 

Plane of s>mmeiry. 71 
Plasticizers 208 
Phxtj^lav, 216 
Polan meter, 69 
l\>lar covalent bond 12 
Polan/ability **3 
Polv amides, 221 

PolycNchc aromatic hydrocarbons. 
251 

Poly met s, 
addition, 20*) 
condensatiim, 727 
vniss Jinked, 206 
natural, 207 
polvacrylonittile, 214 
polyethylene, 209 
polyethylene tcrcphthalate, 351 
ptdymv^iylene, 221 
polyisoprenc, 217 
polymethyl meibacplatc, 216 
polypi opyicne, 212^ 
polyMyreue, 214 I 
polytetrafluoroethyfene, 215 
polyvinyl acetate, 116 
polyvinyl alcohol, ^17 
polyvinyl cbk>ride,^2l4 
polyvinyl fiuortde, }I6 
synthetic, 207 
thcrmopteatfc, 208 
thermoseitng, 208 
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PoSymeria^atioD, 
cationic, 220 
free radical, 209 
Pofypei>tides, 727 
Polysaccharides, 668 
Pomeranz*Fritsch synthesis, 653 
Porphyrins, 634 
Potential energy diagram, 9^ 

Power alcohol, 347 
Pnsmane, 236 
Proof spirit, 347 
Propanoic anhydride, 452 
2*Propanol, 31 
Propanethiol, 393 
Propcnoyl chloride, 4h9 
/rr/iiJ-2-Phcn>l cyclopropane 
carboxylic acid, 612 
Propellane, 217 
Propylene glycol. 347 
1 -(Propylthio) propaiK 393 
Propyl mercaptan, 391 
Protective groups, 92K 
Pn.tems, 727 

dcnaturation oi. 73^ 
structure of, 715 
Protoplasm, 546 
Pseudoaromatic, 253 
Psilocybin, 551 
Psychedelics, 5^1 
Psychic cncrgi/crs, 5*^0 
Pulegone, 744 
Purine, 656 
Pyra/mc, 628 
PyrjLZolc, 628 
Pyridarinc, 628 
Pyridine, 643 

4\rbital repescntation of, 644 
Pyridmc-2, l-dicarbo\xlic acid, 651 
Pyridine N-o\idc , 617 
Pyrid I nc-1 -sulfonic acid, 645 
Pyrimidine. 6?H 
I^rrolc, 629 

orbital representation of, 6il 
Pyrrolidine. Ml 
PyrrogailoL 357 

Quantum numbers^ 5 
Quinhydrone, 6^)9 
Quinine, 699 
Quiiiol. 357 
Quinoline, 648 
constitution of, 652 
Quinoline N-oxidc, 651 
5-Quinollne i^tfonic add, 650 


Quinolinic acid, 652 
Quinones, 433 
Quinuclidinc, 626 

R. prefix for absolute configuration. 96 

Racemic mixture, 71 

Racemuation, III 

Radical halogenation, 149 

Rancid oils. 525 

Rale constant, 99 

Rate-determining step, 9« 

Rath, 5I6 

Reaction cooidmatc, 91 
Reaction mechanism, 91 
Reaction order. 98 
lifNl order 98 
second order. 98 
Rccrystalli/ation. 107 
Rcd'*cing sugar. 670 
HcdULtive arniration, 571 
Rectification, 345 
Reittfied s\u It, 345 
Reformatsky reaction 462, 613 
Reforming . 151 
Rjp value. 11- 

Rcgio^elecliNt reaction, 174. 337 
Rcimer-l lemann reaction, 313, 363 
Relative configuration 81 
Repeal unit 20S 
Rescrpinc, 699 
Resin, 

phenol-formaldchvdc. 16“^ 

Resol It ion "2 
Rcson ce 

and t*.jdn\, 52 
and l\isn.ii>, 

It beti/cnc, 
energy, 4‘> 
hybrid, 48 

in nitryl chloride. ^ 
rules of. 50 

sleru hindrance to, 804 
Resonance siabilization of, 
aniline, 52 
ben ZOIC acid 473 
bcuAJsl cb* >ride, 489 
caibonaic nm, 48 
varbi>\>lalc ion, 450 
cycloptntadicnyl lon* 52 
enolaic ion, 417 
guanulinium ion, ^2 
phenoxtde ion, 52 
Resorcinol, 157. 372 
Resorcinol yellow. *373 
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r)-Ribose« 659 
Ribosomes: 662 
Ribulose, 66B 

Ring-chain tantomerism. *^62 
Road Car. 292 
RM value, 528 
Rosenmund reduction, 489 
Rubber, 

Buna-N. 228 
Buna-S. 228 
butyl, 281 
hard, 219 
natural. 217 
soft 219 
thiokol 227 
svnthctic. 219 
RuM>ing alcohol. W 
RufTs mcthvKi. 682 
Rule of eight, 7 

S» prefix for atisoluic configuniticn 81 

Sabinone, 741 

Saccharin. 544 

Salto he jcid ^57 

5a/o/, 478 

Sandnv>er reaction. 512, 580 
Sanger method. 73^ 

SapomikatioTt 
equivalent. 512 
number, <27 
SaraH wrap, 228 
SarcosMic, 724 
Sawhorse structure. ^9 
Sa>t/ciT rule 116 
Schienunn reaction. 580 
SchilFs base 576 
St biff's reagent. 412. 586 
Schotten-Eauman reaction, <75 
Scrubbing 156 
Seeding. 107 
Semtcarba/ide, 415 
Sesquiterpenes, 744 
Silica gel. UO 

Simmon-Smith reaction, 240 
Skew conformation, 60 
Skraup synthesis, 648 
Soap* 

manufacture of, 528 
cleaning action of, 529 
Soda lime, 454 
Sodium bypochidrite^ 449 
Sodium lauryi sulfatct 529 
Sodium picrate, 374 
Sodtitm fhiocyaiiaicv in 


Solvation, 55, 156 
Solvent naphtha, 292 
Solvolysis, 309 
Specific Total ton. 69 
Spei'trosa>pic methods, 

I r, 126 
n.m.r , 130 
u V , 124 

Spin-spin splitting. 114 
Spiran, 214 

Spiro 13.11 heptane. 234 
Spiro {2 41 hcpta-2, 6-diene, 234 
Spiro {2 <J octane. 214 
Spiropcntaite, 214 
Squalene, 745 
Squaric acid, 52 
St.iggercd conformation. 60 
Starch. 691 

jm>iopectin, 69i 
amylosc. 691 
Stcaramidc. 496 
Sicanc acid, <24 
Sfcrtc<H:hcmistOt 
Steric cOccIn << 

Stenc hindrance. M)9 
Strecker synihcMs 7'0 
Stfuctural fonniila <8 
StMcne. 249 102 
St>rcnc oxide, 249 
Sf\r€»Jonm ?14 
Substitution relictions, 108 

S.y2, 306 
Sucrose. 65s 

manufacture of 6«5 
consttiut ton of, 688 
Sulfa drugs. 548 
Sulfamhc acid, 545, <77 
SulfapynU»nc% <48 
Suifonal, 396 
Sulfonamtiic. 546 
Sulfonatton, 541) 

Surfactants, 528 
S^scct wme, 669 
Syndiotactic 222 
Synthetic detergentt, 529 
Synthetic gasoline, Jt8 

Tartaric acid. 70 
Tautomensm, 406 
TriZ/ar, 216 
Terebic acid, 75l 
Terephthalfc acui, 469 
rcrniifialkMH latep. 150 
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Tcrpcnylic acid. 751 
a-TcrpIncol. 3U. 743, 751 
Terytene, sec lyacron 
J, I, 2, 2-Tctrachlorocthanc, 199 
Tetrahedranc, 23? 

5, 8. 9, IO-Tctrahydro-1, 4- 
naphthaqumonc, 437 
1, 2, 3, 4»-Tctrahydioquinolmc, 651 
Tctralm. 259. 277, :80 
ot-Teiralofie, 277, 2S0 
.TelramethyKiIanc, 132 
Thiazole. ft2S 
Thietane. 627 

<7-(2-ThicnoyI) ben/oic acid 641 
Thiirane, 390. 627 
Thiobcn/ophcnonc, 415 
Ihiokol rubber, 227 
rhiolanc. 642 
Thiophene. 639 
Thiophcnol. 582 
Thymine, 660 
TischcnIfO rCiiction, 428 
T* r nv* reagent, 432 
P-TolucncbulfiniUc acid ^45 
p-Tolucnesulfonic acid. 
p-To!ucncsulfonvl chlortdc 54' 
p-lolualdeh>de. 606 
Toluic acid, 471 
m-Tolunitnle 2^0 
jj-Tolyl-n-nitroben/y! ether 3'’! 
Torsional strain, 65 
Iranquili/ers. 550 
Traubc synthesis, 657 

1, 2, 4-Triacctox>bcn7ciK. 4^5 
Tnalkvl borane, 616 
Tnbromoanilinc, 576 

2, 4. 6-Trjbromophenol 318, 366 
Tricarbahhc acid, 476 
Trichloroacetic acid, 54 
Tricthvlsulfonium iodide 397 
3.4, 4-Tnhromo‘'2, 2-dimethvl 

butane, 135 

Trimcthyfacctic acid. 268 
Tnmethylalununum^ 601 

3, 3, 3-T richloropropenc, 174 
2. 4, 6.Trinitrophenol 
Tricthyl pbosphcnc, 423, 608 
Tngonal planar, 15 
Tnhydroxy gluunc acid. 677 
Tnmcthyl chlorostlana^ 615 
2. 2. 4-Trimethylhc|itan«, 27 

2. "^TnincthyUJ-pentcnal, 178 
4, 6*Tnnitrorcsc«rciiiol, 371 

Ttioxwje, 425 


Triphenylamine, 569 
Tnstcann. 523 
I nvial names, 25 
Tropme. 712 
Tropvlium ion, 252 
Truxiiiic acid, 240 

Ullmann reaction, 323 
Uracil, 660 
Uramil, 657 
Urea 500 

Urca-formaldch /dc resin, 222 
Urea nitrate 502 
Urethane, 657 
l*nt acid, 656 
Urotropinc, 425 

Vaicno, *7 
\ahnc. ''lo 

Van SKkc method, 726 
Vegetable oils, 525 
Vicinal halides 198 350 
\ imactuc acid, 459 
Viinlacc’vlcne, 202 
V nslben/enc, 249 
Vii slchlonde, 

IP displacement reaction, 312 
as monomer 214 
l-\in;M-decalol 605 
Vinvhdcnc chloride, 228 
Viscose process 693 
Vital foioc 1 
Viunon-A ‘’45 
Vulcaii/a 21 9 

Wagncr\ reagent, 697 
3Valdti inver-jion, 308 
3Vater gas. 344. 407 
3VAyc function, 4 
Waxes 525 
VVerman process, 345 
Wtj ‘‘OluTh n, 52" 

WMliamsisn’s svnihcMS, 3^| 

Wii^ g le teflon. 422 

W iitig rearrangement 61 1 

VVohl degradatn t 682 

Wolft Kishner reduction. 258, 429 

Wiwvi alcohol. 344 

W*ood i%r. 344 

Wurtz-Fiitig reaction. 259, 323 
Wurtr reaction, 145, 305 

Xanthatc process, 693 
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Xylenes, 

ogudMioo* 26 ^ 
D-Xy'osc. <568 
Yeast. 14« 
yijdcs, 421 

Zeisel method, 70S 


Ziegler'Natha catalyst. 309, 212 
Zinc copper couple, 240 
Zinc dust, 704 
Zingibereae, 

Z*nomer, ld4 
Zvkiticrtun, S4S. 71S 




